Atty. Dkt. No.: 038602-1613 



U.S. PATENT APPLICATION 
for 

METHOD FOR SELECTIVELY INHIBITING FUNGAL GROWTH 



Inventors: Gerard MANNING 

Sucha SUDARSANAM 



Atty. Dkt. No.: 038602-1613 



METHOD FOR SELECTIVELY INHIBITING FUNGAL GROWTH 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This application is a Non-Provisional of US Application 
60/395,624, filed 07/15/2002, incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the isolation of fungal- 
specific kinases and the identification of compounds and connpositions 
that modulate the activity of fungal-specific kinase enzymes and their use 
as antifungal agents. 

BACKGROUND OF THE INVENTION 

[0003] More than a million species of fungi belong to the 
Kingdom Fungi, but only about four hundred are known to cause diseases 
that afflict humans, animals, and plants. Factors that predispose 
individuals to the development of fungal diseases include neutropenia, the 
use of immunosuppressive agents during organ transplantation, intensive 
chemotherapy and irradiation for hematopoietic malignancies or solid 
tumors, use of corticosteroids, extensive surgery and prosthetic devices, 
indwelling venous catheters, hyperalimentation and intravenous drug use, 
as well as when the balance of the normal flora is altered through 
antimicrobial therapy. 

[0004] The majority of such pathogenic fungal species are 
classified within the Phyla Zygomycota, Basidiomycota, Ascomycota, or 
the form group Fungi Imperfecti, but in general, are considered as either 
yeasts or molds. Yeasts are typically solitary rounded forms that 
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reproduce by budding or fission. Mold spores, on the other hand, 
germinate to produce branching hyphae filaments that may be 
uninucleate, binucleate, or multinucleate. 

[0005] Mold-like fungi called dermatophytes cause athlete's foot, 
groin-related infections and ringworm of the skin or scalp. These fungi 
live on dead tissues of hair, nails and the outer layer of skin. Poor 
hygiene, continually moist skin and minor skin or nail injuries increases an 
individual's susceptibility to fungal infections. Ringworm symptoms are 
itchy, red, scaly, slightly raised, expanding rings on the trunk, face or 
groin and thigh. Pets also can transmit the fungus to humans. 

[0006] Aspergillosis is a name given to a wide range of diseases 
caused by the fungus, Aspergillus, now also known as Emericella. 
Members of this genus that cause disease in humans include Aspergillus 
flavus, Aspergillus fumigatus, Aspergillus glaucus, Aspergillus nidulans, 
Aspergillus r)iger and Aspergillus terreus. Three principal diseases are 
allergic bronchopulmonary aspergillosis, pulmonary aspergilloma and 
invasive aspergillosis. Furthermore, colonization of the respiratory tract is 
also common. For instance, colonization of the sinuses and lungs, 
toxicoses, allergic bronchopulmonary aspergillosis, pulmonary 
aspergilloma, invasive aspergillosis, pulmonary aspergillosis, CNS 
aspergillosis, sinonasal aspergillosis, osteomyelitis, endophthalmitis, 
endocarditis, renal abscesses, otomycosis, exogenous endophthalmitis, 
allergic fungal sinusitis, and urinary tract fungus balls, are among of some 
of the other diseases caused by Aspergillus infections. Aspergillus also 
frequently are secondary opportunistic pathogens in patients with 
tuberculosis, bronchiectasis, other mycoses and carcinoma. Similarly, 
Aspergillus fungal infections can be a complication resulting from burns, 
post surgical wounds and intravenous injections. 
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[0007] Another group of fungi of the genus, Blastomyces 
dermatitidis, cause blastomycosis-related diseases. The infection is 
acquired via inhalation of asexual spores. After 30 to 45 days an acute 
pulmonary disease indistinguishable from a bacterial pneumonia may 
occur. Most cases become manifest during a chronic and indolent phase 
that may affect the lungs, the skin, the bones, the genitourinary tract and 
other reticuloendothelial organs. 

[0008] Yet another major infectious fungus is Candida, which are 
thin-walled, small fungi that reproduce by budding. Even though there are 
more that 1 50 species of Candida, no more than ten cause disease in 
humans with any frequency. Of these, Candida albicans causes almost 
100% of cases of oropharyngeal candidiasis and at least 90% of cases of 
Candida vulvovaginitis. When Candida produce invasive candidiasis, 
infection by the other species of Candida are observed. Invasive means 
the fungus has infected tissues or the blood. Invasive candidiasis, which 
is also known as systemic candidiasis, is typically seen in individuals that 
have reduced immunogenecity or weakened immune systems. Almost 
any organ of the body may be involved. 

[0009] Some fungi, however, infect only animals and not 
humans. For instance, the dermatophyte Microsporum gallinae brings 
about disease in chickens, but not humans. Ringworm in pets and 
livestock is not uncommon. For example, the dermatophyte Microsporum 
canis may cause ringworm in a variety of mammals, such as cats, dogs 
and humans. Similarly, cryptococcosis occurs in cats and humans. 

[0010] There are a myriad of other fungi that attack and infect 
plants, such as crops and trees. For example cruciferous crops like 
cabbage, cauliflower, canola and rutabaga are susceptible to a number of 
fungal diseases. Pythium and Rhizoctonia fungi rot seeds and older 
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seedlings; Phoma lingam {Leptosphaeria macutans) often kills seedlings or 
stunts the growth of surviving plants; Plasmodiophora brassicae is a 
destructive soil-borne disease which affects nearly all cultivated, as well 
as nnany wild and weed mennbers of the cabbage family; Fusarium 
oxysporum yellows or wilts plants; Peronospora parasitica causes downy 
mildew. Particularly susceptible hosts include canola, cabbage, broccoli, 
Brussels sprouts, kale, cauliflower, rutabaga, radish, horseradish, Chinese 
cabbage and mustards, ornamentals such as stock, wallflower, and 
aubretia, and many cruciferous weeds. There also exists Common Root 
Rot caused by Fusarium and Helmintliosporium] Septoria Leaf Blotch 
occurs in wheat and Pyrenoptiora tricfiostoma infects Spring wheat. 
Other fungal-induced plant diseases include gray mould and ghost spot 
diseases of practically all plants by Botrytis cinerea. Leaf mould is caused 
by the fungus, Fulvia fulva, also known as Cladosporium fulverum. 
Powdery mildew is a very common disease caused by the fungus 
Oidiopsis taurica, also known as Leveillula taurica. Late Blight is a very 
devastating disease of tomato, potato, and eggplant, caused by the 
fungus Pfiytopiittiora infestans. 

[0011] Even though fungi and mammalian cells are both 
eukaryotic cells, the differences that exist between them can be 
sufficiently distinct that they form the basis of targets for fungal-specific 
drug interactions. The most convenient and effective approach for 
treating fungal infections therefore involves administering a drug or 
compound that targets a unique feature of a fungal cell. In this regard, 
fungi possess a number of biological traits that distinguish them from 
other organisms. They possess, for example, chitin, ergosterol, a unique 
lysine biosynthesis pathway, soluble carbohydrates, unstacked Golgi 
cisternae and unique microtubules. They also differ from other organisms 
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in a range of biochemical and molecular features such as the regulation of 
some enzymes and some aspects of mitochondrial codon usage. 

[0012] Thus, drugs that specifically target fungal cell wall 
synthesis, fungal DNA synthesis or enzymes in key fungal biological 
pathways are extremely useful in destroying or eradicating an infecting 
fungus, while having minimal toxicity, if any, to the affected subject. 
Accordingly, there exist established and developing drug treatments used 
to combat and treat a wide variety of immunological responses, 
symptoms and diseases caused by fungal infection In mammals. To this 
end, there are, in general, half a dozen or so groups of compounds, drugs 
and chemicals that have proven useful in treating certain fungal 
infections. Allylamines, for example, are a group of drugs that inhibit 
ergosterol biosynthesis. This sterol occurs in fungi, bacteria, algae, and 
plants, and is converted into vitamin D2 by ultraviolet light. Such 
allyamlnes include amorolfine, butenafine, naftifine and terbinafine. The 
latter agent, for example, acts by inhibiting squalene epoxidase, an 
enzyme involved In ergosterol synthesis. 

[0013] There also exist azole-based antifungal agents such as 
fluconazole, itraconazole, ketoconazole, posaconazole, ravuconazole, 
voriconazole, clotrimazole, econazole, miconazole, oxiconazole, 
sulconazole, terconazole and tioconazole. These azole antifungal agents 
also inhibit the synthesis of ergosterol, but by blocking the action of 1 4- 
alpha-demethylase. 

[0014] Other antifungal agents inhibit 1,3-beta glucan synthase 
or other enzymes involved in fungal cell wall synthesis. Illustrative of 
such "glucan synthesis" inhibitors are caspofungin, micafungin, and 
anidulafungin. There also are agents that target fungal cell membranes, 
causing the fungus to leak electrolytes. Exemplary of such ''polyenes" 
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are Amphotericin B (AmB), AmB lipid complex, AmB colloidal dispersion, 
liposomal AmB, AmB oral suspension, liposomal nystatin, topical nystatin 
and pimaricin ophthalmic. Yet other drugs include griseofulvin, which 
inhibits fungal mitosis; the antimetabolite, flucytosine, which is a DNA 
substrate analog that leads to incorrect DNA synthesis; and topical drugs 
such as ciclopirox olamine, haloprogin, tolnaftate, and undecylenate. 

[0015] Nevertheless, development of new antifungal agents is 
difficult because there are relatively few key fungal genes and proteins 
that are not present in the human genome. Therefore, a need exists to 
identify fungal genes that are sufficiently distinct from any human 
counterpart that they can form the basis of fungal-specific drug 
interactions, and specifically be used to identify drugs targeted against 
fungi. A number of kinase families have now been identified which are 
present only in fungal genomes. 

SUMMARY OF THE INVENTION 

[0016] In one aspect of the present invention, a method 
("method 1 ") for identifying an antifungal agent that inhibits a fungal- 
specific kinase in a sample is provided. This method comprises 
determining the activity of the fungal-specific kinase in the sample before 
and after exposing the sample to a test compound. In one embodiment, 
the sample is a fungus. In another embodiment, the sample is a 
preparation of a fungus extract. In another embodiment, the sample is a 
cell or culture of cells. In another embodiment, the cell or culture of cells 
may be suspected of containing fungal cells. To this end, the cells may 
be mammalian, bacterial, insecticidal, or fungal cells. In yet another 
embodiment, the sample is an isolated and/or purified preparation of the 
kinase. In a further embodiment, the kinase is recombinantly produced. 
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[0017] In yet another embodiment, the fungal-specific kinase is 
selected from the group consisting of KIN1, KIN4, GIN4, RAN, ELM and 
HAL kinases. In a preferred embodiment, the kinase domain of the kinase 
has at least 46% sequence identity to a kinase domain of any one of SEQ 
ID NOs. 1-5. Preferably, the kinase domain has a percentage sequence 
identity to a kinase domain of any one of SEQ ID NOs. 1-5 of 50%, of 
55%, of 60%, of 65%, of 70%, of 75%, of 80%, of 85%, of 90%, or of 
95%. In another preferred embodiment, the kinase domain of the kinase 
has at least 55% sequence identity to a kinase domain of any one of SEQ 
ID NOs. 6-9. Preferably, the kinase domain has a percentage sequence 
identity to a kinase domain of any one of SEQ ID NOs. 6-9 of 60%, of 
65%, of 70%, of 75%, of 80%, of 85%, of 90%, or of 95%. In a 
further embodiment, the kinase domain of the kinase has at least 55% 
sequence identity to a kinase domain of any one of SEQ ID NOs. 10-16. 
Preferably, the kinase domain has a percentage sequence identity to a 
kinase domain of any one of SEQ ID NOs. 10-16, of 60%, of 65%, of 
70%, of 75%, of 80%, of 85%, of 90%, or of 95%. In one other 
embodiment, the kinase domain of the kinase has at least 55% sequence 
identity to a kinase domain of any one of SEQ ID NOs. 1 7-24. Preferably, 
the kinase domain has a percentage sequence identity to a kinase domain 
of any one of SEQ ID NOs, 1 7-24, of 60%, of 65%, of 70%, of 75%, of 
80%, of 85%, of 90%, or of 95%. In another embodiment, the kinase 
domain of the kinase has at least 38% sequence identity to a kinase 
domain of any one of SEQ ID NOs. 25-29. Preferably, the kinase domain 
has a percentage sequence identity to a kinase domain of any one of SEQ 
ID NOs. 25-29, of 40%, of 45%, of 50%, of 55%, of 60%, of 65%, of 
70%, of 75%, of 80%, of 85%, of 90%, or of 95%. In yet another 
embodiment, the kinase domain of the kinase has at least 30% sequence 
identity to a kinase domain of any one of SEQ ID NOs. 30-42. Preferably, 
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the kinase domain has a percentage sequence identity to a kinase domain 
of any one of SEQ ID NOs. 30-42, of 60%, of 65%, of 70%, of 75%, of 
80%, of 85%, of 90%, or of 95%. 

[0018] In another embodiment, a reduction in fungal-specific 
kinase activity after the sample is exposed to the test compound indicates 
that the test compound Is an antifungal agent. In a preferred 
embodiment, the test compound does not inhibit kinase activity of a 
kinase endogenous to a non-fungal organism. In a preferred embodiment, 
the non-fungal organism is a mammal, animal, tree or plant. In a more 
preferred embodiment, the mammal is a goat, sheep, cattle, horse, cat, 
dog, pig, rat, mouse, primate, or a human. In a most preferred 
embodiment, the mammal is a human. In one other embodiment, the non- 
fungal organism is a fish, bird, or a reptile. In another embodiment, the 
non-fungal organism is a plant selected from the group consisting of 
barley, wheat, corn, rice, cotton, oak, tomato, potato, Dutch elm, and 
Chestnut. 

[0019] In another embodiment, the test compound identified by 
method 1 as an antifungal agent reduces fungal growth when applied to a 
living fungus. In yet another embodiment, fungal growth is reduced in the 
fungus to which the antifungal agent is applied and/or to fungal progeny. 
In yet another embodiment, the test compound eradicates a fungus to 
which it is applied. 

[0020] In one other embodiment, kinase activity is determined by 
comparing protein phosphorylation patterns of the sample in which the 
fungal-specific kinase is present in the presence and absence of the test 
compound. 
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[0021] Another aspect of the present invention is a method 
("method 2") for identifying a compound that has antifungal properties. 
This method comprises (i) selecting and culturing a fungus sample that 
contains a kinase having a minimum sequence identity to any one of SEQ 
ID NOs. 1-42; (ii) treating the fungus sample with a test compound; and 
(iii) determining, after the treating of step, the level of activity of the 
fungus in comparison to an untreated control fungus sample. In one 
embodiment, a decrease In the level of fungus activity of the treated 
fungus, compared with the control sample, indicates that the test 
compound is a compound that has antifungal properties. 

[0022] In one embodiment of the present invention, a "minimum 
sequence identity" is the minimum sequence identity that a kinase must 
have to a kinase domain of the present invention so as to be classified as 
a fungal-specific kinase. 

[0023] Thus, in one embodiment, the minimum sequence identity 
is at least 46% to KIN1 , more preferably to any one of SEQ ID NOs, 1 -5. 
In another embodiment, the percentage sequence identity of a kinase to 
any one of KIN1, preferably to any one of SEQ ID NOs. 1-5, is 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. 

[0024] Similarly, in another embodiment, the minimum sequence 
identity is at least 55% to KIN4, more preferably to any one of SEQ ID 
NOs. 6-9. In another embodiment, the percentage sequence identity of a 
kinase to any one of KIN4, preferably to any one of SEQ ID NOs. 6-9, is 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. 

[0025] In another embodiment, the minimum sequence identity is 
at least 55% to GIN4, more preferably to any one of SEQ ID NOs. 10-16. 
In another embodiment, the percentage sequence identity of a kinase to 
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any one of GIN4, preferably to any one of SEQ ID NOs. 10-16, is 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95%. 

[0026] In another embodiment, the minimum sequence identity 
of RAN is at least 55% sequence identity to SEQ ID NOs. 1 7-24. In 
another embodiment, the percentage sequence identity of a kinase to any 
one of RAN, preferably to any one of SEQ ID NOs. 17-24, is 60%, 65%, 
70%, 75%, 80%, 85%, 90%, or 95%. 

[0027] In another embodiment, the minimum sequence identity is 
at least 38% to ELM, more preferably to any one of SEQ ID NOs. 25-29. 
In another embodiment, the percentage sequence identity of a kinase to 
any one of ELM, preferably to any one of SEQ ID NOs. 25-29, is 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. 

[0028] In another embodiment, the minimum sequence identity is 
at least 30% to HAL, more preferably to any one of SEQ ID NOs. 30-42. 
In another embodiment, the percentage sequence identity of a kinase to 
any one of HAL, preferably to any one of SEQ ID NOs. 30-42, is 35%, 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95%. 

[0029] In one embodiment, the step of determining fungal 
activity in the fungus sample comprises at least one of determining chitin 
content or performing an agar dilution assay. In another embodiment, a 
decrease in chitin staining or reduction in optical density indicates a 
reduction in growth of the fungus in the fungus sample. The fungus 
samples described herein that are treated with a test compound or are 
used in a screening assay for compounds that inhibit endogenous kinases, 
can be intact fungi or extracts prepared from a fungus. 
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[0030] The present invention also encompasses the use of a 
recombinantly produced kinase In a screening assay for compounds that 
inhibit that kinase. Thus, according to such a method, a recombinantly 
produced kinase, such as a KIN1, KIN4, GIN4, RAN, ELM, or HAL kinase 
is exposed to a compound that may or may not affect the kinase activity 
of that kinase. 

[0031] Yet another aspect of the present invention is a method 
("method 3") that comprises administering to a non-fungal organism, a 
compound capable of inhibiting a kinase in a fungus living in or on the 
non-fungal organism. In one embodiment, the kinase comprises an amino 
acid sequence selected from the group consisting of SEQ ID NOs. 1-42. 
In another embodiment, the kinase comprises an amino acid sequence 
that has minimum sequence identity of at least 46%, 50%, 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% to a KIN1 family member, or 
more preferably has minimum sequence identity of at least 46%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% to any one of 
SEQ ID NOs. 1-5. In another embodiment, the kinase comprises an amino 
acid sequence that has minimum sequence identity of at least 55%, 60%, 
65%, 70%, 75%, 80%, 85%, 90%, or 95% to a KIN4, a GIN4 or a RAN 
family member, or more preferably has minimum sequence identity of at 
least 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% to any one 
of SEQ ID NOs. 6-24. In yet another embodiment, the kinase comprises 
an amino acid sequence that has minimum sequence identity of at least 
38%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, or 95% to an ELM family member, or more preferably has minimum 
sequence identity of at least 38%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, or 95% to any one of SEQ ID NOs. 25-29. 
Furthermore, in another embodiment, the kinase comprises an amino acid 
sequence that has minimum sequence identity of at least 30%, 35%, 
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40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 
95% to a HAL family member, or more preferably has minimum sequence 
identity of at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, or 95% to any one of SEQ ID NOs. 30-42. 

[0032] In a preferred embodiment, the compound does not inhibit 
a kinase endogenous to the non-fungal organism. 

[0033] In a preferred embodiment, the compound reduces growth 
of the fungus or eradicates the fungus living in or on the non-fungal 
organism. In another embodiment, the compound is administered to the 
non-fungal organism by spraying, injecting, ingesting, inhaling, swallowing 
or applying a topical cream, gel, liquid, powder, pellet, aerosol or fluid 
suspension containing the compound to the fungus living in or on the non- 
fungal organism. 

[0034] In a preferred embodiment, the test compound does not 
inhibit kinase activity of a kinase endogenous to a non-fungal organism. 
In a preferred embodiment, the non-fungal organism is a mammal, animal, 
tree or plant. In a more preferred embodiment, the mammal is a goat, 
sheep, cattle, horse, cat, dog, pig, rat, mouse, primate, or a human. In a 
most preferred embodiment, the mammal is a human. In one other 
embodiment, the non-fungal organism is a fish, bird, or a reptile. In 
another embodiment, the non-fungal organism is a plant selected from the 
group consisting of barley, wheat, corn, rice, cotton, oak, tomato, potato, 
Dutch elm, and Chestnut. 

[0035] Yet another aspect of the present invention involves 
identifying kinases ("method 4") that are fungal-specific and which can be 
targeted by compounds that inhibit their activity. This method comprises 
comparing the amino acid sequence of a protein with the kinase domains 
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of SEQ ID NOs. 1-42. In a preferred embodiment, the protein belongs to 
a fungal-specific kinase family of the present invention if the protein 
contains a sequence that has a minimum sequence identity (as defined 
above) to a kinase domain of any one of SEQ ID NOs. 1-42. In a 
preferred embodiment, the fungal-specific kinase family consists of KIN1, 
KIN4, GiN4, RAN, ELM and HAL kinase members. In one embodiment the 
amino acid sequence of the protein is obtained from a public database or 
a proprietary database. In another embodiment the protein sequence is 
obtained by sequencing a DNA clone that encodes the protein. 

[0036] Accordingly, the present invention provides a method for 
identifying a compound that inhibits the activity of at least one of KIN1 
kinase, KIN4 kinase, GIN4 kinase, RAN kinase, ELM kinase, or HAL kinase 
in a fungus comprising determining the activity of the kinase before and 
after exposing the fungus to a test compound, wherein a reduction in 
kinase activity in the presence of the test compound indicates that the 
test compound is an antifungal agent, wherein the test compound has 
minimal toxicity to a non-fungal organism, and wherein the kinase domain 
of the KIN1 kinase has at least 46% sequence identity to a kinase domain 
of any one of SEQ ID NOs. 1-5, wherein the kinase domain of the KIN4 
kinase has at least 55% sequence identity to a kinase domain of any one 
of SEQ ID NOs. 6-9, wherein the kinase domain of the GIN4 kinase has at 
least 55% sequence identity to a kinase domain of any one of SEQ ID 
NOs. 10-16, wherein the kinase domain of the RAN kinase has at least 
55% sequence identity to a kinase domain of any one of SEQ ID NOs. 17- 
24, wherein the kinase domain of the ELM kinase has at least 38% 
sequence identity to a kinase domain of any one of SEQ ID NOs. 25-29, 
and wherein the kinase domain of the HAL kinase has at least 30% 
sequence identity to a kinase domain of any one of SEQ ID NOs. 30-42. 
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[0037] In another embodiment, the kinase domain of KIN1 
kinase, KIN4 kinase, GIN4 kinase, RAN kinase, ELIVI kinase, and HAL 
kinase has between 80-90% sequence identity to a kinase domain of any 
one of SEQ ID NOs. 1-5, 6-9, 10-16, 17-24, 25-29, 30-42 respectively. 

[0038] In any of the methods described herein, the test 
compound reduces fungal growth or eradicates the fungus. In another 
embodiment, the kinase activity is determined by comparing protein 
phosphorylation patterns in the fungus in the presence and absence of the 
test compound. 

[0039] In another aspect, a method of identifying a compound 
having antifungal properties is provided, comprising (a) culturing a fungus 
sample; (b) treating the fungus sample with a test compound; (c) 
determining, after the treating of step (b), the level of activity of the 
fungus the sample in comparison to an untreated control fungus sample, 
wherein a decrease in the level of fungus activity of the treated fungus, 
compared with the control sample, indicates that the test compound is an 
antifungal agent, wherein the fungus sample is a fungus or a fungus 
extract, and wherein the fungus comprises at least one of a KINl kinase, 
a KIN4 kinase, a GIN4 kinase, a RAN kinase, an ELM kinase, or a HAL 
kinase. 

[0040] In a preferred embodiment, the kinase domain of the KINl 
kinase has at least 46% sequence identity to a kinase domain of any one 
of SEQ ID NOs. 1-5, wherein the kinase domain of the KIN4 kinase has at 
least 55% sequence identity to a kinase domain of any one of SEQ ID 
NOs. 6-9, wherein the kinase domain of the GIN4 kinase has at least 55% 
sequence identity to a kinase domain of any one of SEQ ID NOs. 10-16, 
wherein the kinase domain of the RAN kinase has at least 55% sequence 
identity to a kinase domain of any one of SEQ ID NOs. 17-24, wherein 
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the kinase domain of the ELM kinase has at least 38% sequence identity 
to a kinase domain of any one of SEQ ID NOs. 25-29, and wherein the 
kinase domain of the HAL kinase has at least 30% sequence identity to a 
kinase domain of any one of SEQ ID NOs. 30-42. 

[0041] In one embodiment, the fungus of the present invention is 
an Ascomycetes, Zygomycota , Deuteromycota , Mycophycophyta, 
Ascomycota, Gasteromycetes, Myxomycota, Oomycota or 
Hymenomycetes fungus. In a further embodiment, the fungus is an 
Aspergillus flavus, Aspergillus fumigatus, Aspergillus glaucus group, 
Aspergillus nidulans, Aspergillus niger, Aspergillus terreus group, 
Blastomyces dermatitidis , Candida albicans, Candida tropicalis, Candida 
glabrata, Candida parapsilosis, Candida krusei, Candida lusitaniae, 
Coccidioides immitis, Histoplasma capsulatum var. capsulatum, 
Paracoccidioides brasiliensis, Sporothrix schenckii, Absidia, 
Apophysomyces, Cokeromyces, Cunninghamella, Mucor, Rhizomucor, 
Rhizopus, Saksenaea, Syncephalastrum, Mortierella, Basidiobolus, 
Conidiobolus, Trichophyton, Microsporum gallinae, Microsporum canis 
mycorrhiza, arbuscular mycorrhiza, vesicular-arbuscular mycorrhiza or 
Ectom ycorrhiza . 

[0042] In another aspect of the present invention, a 
pharmaceutical composition is provided for administration to a non-fungal 
organism. In one embodiment the pharmaceutical composition comprises 
a compound that inhibits activity of a kinase in a fungus but does not 
inhibit any kinase that is endogenous to the non-fungal organism infected 
with the fungus. 

[0043] Thus, in one embodiment, the compound in the 
pharmaceutical composition inhibits a kinase that has kinase domain 
amino acid sequence that has (i) at least 46% sequence identity to a 
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kinase domain of any one of SEQ ID NOs. 1-5, or (ii) at least 55% 
sequence identity to a kinase domain of any one of SEQ ID NOs. 6-9, or 
(iii) at least 55% sequence identity to a kinase domain of any one of SEQ 
ID NOs. 10-16, or (iv) at least 55% sequence identity to a kinase domain 
of any one of SEQ ID NOs. 17-24, or (v) at least 38% sequence identity 
to a kinase domain of any one of SEQ ID NOs. 25-29, and or (vi) at least 
30% sequence identity to a kinase domain of any one of SEQ ID NOs. 30- 
42. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0044] The present Invention contemplates the use of 
compounds that only target and inhibit the function of fungal kinases and 
not those endogenous to the infected host. Thus, a suitable antifungal 
agent of the invention is one that destroys, retards the growth of, or 
decreases the viability of, a wide range of fungi, while having minimal 
effects upon the infected, non-fungal organism. 

Definitions 

[0045] Antifungal agent: a compound that has antifungal 
properties is one which destroys or inhibits the growth, reproduction, or 
other function of a fungus or fungi. An antifungal agent of the invention 
may exert its antifungal properties upon the fungus to which it is applied, 
or to subsequent progeny or generations of that fungus. An antifungal 
agent is also one that inhibits the activity of a kinase endogenous to a 
fungus or fungal species. Thus, an antifungal agent may exert an effect 
upon the molecular constituents of a fungus, i.e., a kinase, rather than 
the macroscopic attributes of the fungus itself. An antifungal agent may 
be a nucleic acid that inhibits gene expression or causes the degradation 
of an mRNA transcript associated with a gene product. Thus, the present 

17 

002.1042945.1 



Atty. Dkt. No.: 038602-1613 



invention envisions the use of single- and double-stranded DNA and RNA 
molecules to inhibit gene transcription and mRNA translation. 
Accordingly, an antifungal agent may act to inhibit or down-regulate gene 
expression of a fungal-specific kinase by gene silencing, RNA interference 
or antisense- or sense- technologies. An antifungal agent may include 
antibodies or peptides. An antifungal agent may also include small 
chemical compounds such as indolines. 

[0046] Ascomycetes: these fungi grow as hyphae with cross- 
walls (septa) or yeasts; sexual reproduction is by fusion of modified 
hyphae (or yeasts), sometimes by fusion of a "male" spore (spermatium) 
with a "female" receptive hypha (trichogyne), leading to development of 
an ascus containing ascospores. 

[0047] Basidiomycota: these fungi grow as hyphae or yeasts; 
asexual spores are relatively rare; sexual reproduction is by fusion of 
compatible hyphae, leading ultimately to production of basidiospores on 
basidia, sometimes on or in a fruiting body (e.g., toadstool). 

[0048] Chytridiomycota\ typically unicellular, or with primitive 
chains of cells attached to a food base by tapering rhizoids; sexual 
reproduction is by fusion of motile gametes; asexual reproduction is by 
cytoplasmic cleavage in a sporangium, producing motile, uniflagellate 
zoospores. 

[0049] Deuteromycota: these fungi grow as hyphae (with septa) 
or yeasts; sexual reproduction is absent, rare or unknown; asexual spores 
(conidia) are formed in various ways from hyphae but never by 
cytoplasmic cleavage in a sporangium. 
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[0050] Eradicat s: to "eradicate" is understood to mean to get 
rid of completely or destroy, so that no detectable level of the material in 
question (e.g., a living fungus) remains using standard technology. 

[0051] Extemal surface: an '"external surface" is any surface of 
an animal or plant that is exposed to, or can be exposed to, the 
atmosphere, or is not internal of the body or structure of the animal or 
plant. For instance, skin, hair, eyes, nails, claws, talons, teeth, gums, 
lips, tongue, the inside of a mouth, hide, fur, scales, bark, stems, leaves, 
roots, petals, fruit surfaces, or buds. 

[0052] Fungus: a "fungus" is any of numerous eukaryotic 
organisms of the kingdom Fungi, which lack chlorophyll and vascular 
tissue and range in form from a single cell to a body mass of branched 
filamentous hyphae that often produce specialized fruiting bodies. The 
kingdom includes the yeasts, molds, smuts, and mushrooms. 

[0053] Fungal activity: the "activity" of a fungus can be 
assessed by using methods well known in the art, such as monitoring, for 
example, its viability, growth status, rate of hyphal development or 
amount. Fungal activity can be measured before and after treatment with 
a test compound. Any one of these measurements is an indicator of the 
relative "activity" of a fungal sample. 

[0054] Fungal growth: the "growth" of a fungi can be measured, 
or considered in terms of, its rate of reproduction, hyphae development, 
or general mass proliferation. For instance, fungal growth can be 
determined by the rate of apical growth; that is, the rate of growth of the 
tips of hyphae. The rate of hyphae tip extension, for example, can be 
extremely rapid and easily quantifiable, growing at rates up to 40 \xxr\ per 
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minute. Other assays for fungal cell growth include determining changes 
in fungal cell mass, volume and number. 

[0055] Fungal infection: an "infection" is an invasion by and 
multiplication of a fungus or fungi in or on a bodily part or tissue, which 
may produce subsequent tissue injury and progress to disease through a 
variety of cellular or toxic mechanisms. A fungus may also reside in earth 
or soil. 

[0056] Infected host: an "infected host" is a non-fungal 
organism that contains a fungus in or on a bodily part or tissue, that is 
not normally associated with the host; or a host that contains a fungus 
associated with a non-disease state of the host but the growth and/or 
abnormally high level of the fungus, or production of chemicals by the 
fungus, creates an abnormal or diseased state in the host. Examples of 
an infected host are, but are not limited to, mammals such as goats, 
sheep, cattle, horses, cats, dogs, pigs, and humans; fish, birds, or 
reptiles; plants, such as crop plants, trees, shrubs, ornamentals, and 
grasses. 

[0057] Inhibit: to "inhibit" as used herein, means to prevent or 
decrease the rate of a particular chemical reaction in a fungus or to 
decrease, limit, or block the action or function of an enzyme endogenous 
to, or body part of, a fungus. With respect to inhibiting a fungal enzyme, 
the enzyme may reside within a fungal cell or be in purified or isolated 
preparation outside of the fungus. 

[0058] Internal: a fungus may also infect, reside or be present 
within the body, tissues or organs of an infected host. Thus, an 
antifungal agent may target a fungus that infects the blood, for example. 
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[0059] Exposing (to test compound): a fungus can be exposed 
to a test compound by directly contacting any part of the fungus or fungal 
cell to the test compound. The test compound may be a solid, fluid or 
aerosol that is in contact with an outer surface of the fungus. 
Alternatively, a test compound may be injected, swallowed, inhaled, 
topically applied or infused into the infected host, whereupon the 
compound targets the fungus in vivo. 

[0060] Kinase: a kinase is any one of several enzymes that 
catalyzes the transfer of a phosphate group from one molecule to another. 
A protein kinase phosphorylates amino acid residues in proteins. 

[0061] Kinase activity: the "activity" of a kinase refers to the 
rate of catalytic or enzymatic function of the enzyme in utilizing a 
substrate or in phosphorylating, for example, a substrate. Those of skill 
in the art will recognize that there are a variety of methods for 
determining kinase activity. See, for example, the methods described 
below. 

[0062] IVIinimal toxicity: an antifungal agent that has ''minimal 
toxicity" upon a non-fungal organism is one that does not adversely 
affect, in any way, the function, life or biological processes of the non- 
fungal organism. That is, the antifungal agent does not, for example, 
inhibit the activity of a kinase that is endogenous to the non-fungal 
organism. Minimal toxicity means that the antifungal agent does not kill 
or inhibit the growth of the non-fungal organism, even though the 
antifungal agent may kill or inhibit the growth of a fungus living in or on 
the non-fungal organism. 

[0063] IVIinimum sequence identity: refers to the percentage of 
sequence identity that is needed for a kinase to be classified to a 
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particular fungal family according the amino acid sequence of its kinase 
domain. Thus, a kinase is a KIN1 family member if its kinase domain has 
at least 46% sequence identity to a KIN1 kinase domain, Le,, to any one 
of SEQ ID NOs. 1-5. Similarly, additional KIN4, GIN4 and RAN family 
members must have a "minimum sequence identity" of 55% to any one 
of SEQ ID NOs. 6-24 to be classified accordingly. An ELM family member 
must have at least 38% sequence identity to an ELM family member 
kinase domain, as described, for example in any one of SEQ ID NOs. 25- 
29. A new HAL family member requires a sequence identity of only 30% 
to any one of SEQ ID NOs. 30-42. Classification of a kinase into one of 
these fungal families indicates that the kinase most likely does not have a 
non-fungal analog. 

[0064] Modulating a kinase: a kinase enzyme can be modulated 
such that its catalytic or enzymatic properties, or its rate of activity, are 
reduced or increased in the presence of a compound, such as an 
antifungal agent. Preferably, the term "modulate" refers to an inhibition 
of kinase activity. 

[0065] Non-fungal organism: Examples of a "non-fungal 
organism" include, but are not limited to, mammals such as goats, sheep, 
cattle, horses, cats, dogs, pigs, and humans; fish, birds, or reptiles; and 
plants, such as crop plants, trees, shrubs, ornamentals, and grasses. 

[0066] Test Compound: a "test compound" is a compound that 
effects the desired aims of the present invention, /.e., a test compound 
inhibits the growth of, or outright kills, an infectious fungus and/or its 
subsequent progeny. Examples of test compounds include peptide 
mimetics and ATP mimetics. 
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[0067] Toxic: a "toxic" effect is one that is capable of causing 
injury, retardation of growth or death, for example, by chemical means. 
An antifungal agent of the present invention should ideally be toxic 
against a fungus or fungi and not toxic, or minimally toxic, against the 
infected host. When a fungus is in soil or earth, an antifungal agent 
should be not be toxic or should be minimally toxic to the environment 
surrounding the fungus. For instance, a desirable antifungal treatment 
would eradicate, or inhibit the growth of, a fungus growing on a tree or 
plant, but would not detrimentally affect the growth of the tree or plant. 

[0068] Zygomycota: typically grow as hyphae without cross- 
walls (aseptate); sexual reproduction is by fusion of sex organs 
(gametangia) leading to thick-walled resting spores (zygospores); asexual 
reproduction is by cytoplasmic cleavage in a sporangium, producing non- 
motile spores. 

[0069] The present invention is directed to the identification of 
kinases that are unique to fungi by comparing their kinase domains to any 
of a number of established fungal-specific kinase families. Accordingly, 
the present invention provides forty-two kinases, belonging to different 
fungal families, that can be used to identify other kinases that are unique 
to fungi- That is, additional fungal kinases can be identified based upon 
their homology or similarity to the forty-two kinases described herein. 
These, as well as the inventive forty-two kinases can be used to screen 
for test compounds that inhibit kinase activity. Compounds that inhibit 
any of these kinases can be used in pharmaceutical or agricultural 
formulations to inhibit kinases in infectious or undesirable fungi without 
modulating or inhibiting the activity of a kinase in an infected or non- 
fungal organism. Accordingly, the present invention provides antifungal 
agents useful for treating mammals, preferably humans, having fungal 
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infections, as well as agriculturally- and ornamentally-important crops and 
plants. 

[0070] In order to determine which kinase families and kinase 
members of kinase families are unique to fungi, the amino acid sequences 
of kinases encoded by genes endogenous to the yeast Saccharomyces 
cerevisiae genome were compared with the sequences of kinases of 
higher eukaryotes; specifically, Drosophila melanogaster, Caenorhabditis 
elegans and human. S. cerevisiae sequences that had no close non-fungal 
homologs were subsequently identified and were classified into fungal- 
specific protein kinase families. These kinase sequences were then 
compared to those of Scfiizosaccfiaromyces pombe, a fungus that is, in 
evolutionary terms, separated by a billion years from the evolution of S. 
cerevisiae. The S. cerevisiae sequences were conserved in S. pombe. 
Since members of each analyzed fungal-specific kinase family were also 
found in S. pombe, it is likely that these kinase families are widely 
distributed in fungi and are broadly required for fungal survival. 

[0071] The invention contemplates that conserved kinase 
sequences between S. cerevisiae and S. pombe can be used to design 
inhibitors to target only these fungal-specific kinases. Since no other 
close homologs or isoforms were identified in the human genome, such 
inhibitors would be predicted not to target kinases in human cells. 

[0072] The yeast S. cerevisiae fungal kinases identified by the 
present inventors are SEQ ID NOs. 1-2 (belonging to the "KIN1 " fungal 
family); SEQ ID NOs. 6-7 (belonging to the "KIN4" fungal family); SEQ ID 
NOs. 10-12 (belonging to the "GIN4" fungal family); SEQ ID NOs. 17-19 
(belonging to the "RAN" fungal family); SEQ ID NOs. 25-27 (belonging to 
the "ELM" fungal family); and SEQ ID NOs. 30-38 (belonging to the 
"HAL" fungal family). Other fungal kinases, which share sequence 
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homology with the endogneous S. cerevisiae kinase families include, but 
are not limited to those isolated from S. pombe and C. albicans. Thus, 
the "Kinl-like" (SEQ ID NO. 3) kinase of S. pombe belongs in the same 
fungal kinase family as the "kin 1 " (SEQ ID NO. 1) kinase of 5. cerevisiae 
because of their amino acid sequence composition. 

[0073] Accordingly, kinases from other fungal species can be 
classified being fungal-specific with no non-fungal homologs by virtue of 
the similarities in sequence between their kinase domain and any one of 
the members of the fungal specific families KIN1, KIN4, GIN4, RAN, ELM 
and HAL described below. 

KIN1 family 

[00741 The KINl family comprises the Kini and Kin2 genes of 
Saccharomyces cerevisiae, at least two genes (Kini and gi| 1 91 1 3449) 
from Schizosaccharomyces pombe and orf 6.8762 from Candida albicans. 

[0075] S, pombe mutants of Kini display defects in cell polarity 
and morphology. Mutants in S. cerevisiae Kin2 have delayed entry into 
stationary phase when nutrients are withdrawn, which may be a 
pathological condion in natural growth. S. cerevisiae Kini has been 
implicated in vesicle transport within the cell and may be involved in 
budding or cell wall formation. The null S. cerevisiae mutant is viable; 
this may be due to redundancy between Kini and Kin2, whose kinase 
domains are more than 90% identical. Thus, an inhibitor of either of 
these kinases would likely inhibit both, and thus block any vital function 
redundantly supplied by both genes. Such functions may include 
response to nutritional stress, cell wall structure or function, and 
cytokinesis. 
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[0076] The KIN1 fungal kinases include, in S. cerevisiae, kin1 
(SEQ ID NO. 1) and Kin2 (SEQ ID NO. 2); in S. pombe, Kinl-like (SEQ ID 
NO. 3) and Kini (SEQ ID NO. 4); and in C. albicans, orf6.8762 (SEQ ID 
NO. 5). The kinase amino acid sequences of these particular family 
members appear below. Where appropriate, the public database 
accession number for a kinase is included so as to indicate its source. 



[0077] The bold, underlined portion of each family member 
denotes its kinase domain. Accordingly, the present invention allows the 
skilled artisan to identify and classify newly-identified kinases from other 
fungi as belonging to the KIN1 family if the newly-identified kinase 
domains share at least 46% amino acid sequence identity with any one of 
the underlined kinase domains of an indicated family member listed 
below. Preferably, a KINI kinase domain has a percentage sequence 
identity to a kinase domain of any one of SEQ ID NOs. 1-5 of 50%, of 
55%, of 60%, of 65%, of 70%, of 75%, of 80%, of 85%, of 90%, or of 
95%. 

S. cerevisiae kinl (SEQ ID NO. 1) 

MDDYHVNTAFSMGRGNQQDDGNSESNSMHTQPSTMAPATLRMMGKSPQQQQQQNTPLMPPADIKYANNG 
NSHQAEQKERQVELEGKSRENAPKPNTTSQSRVSSSQGMPKQFHRKSLGD WEFVETVGAGSMGKVKLAK 
HRYTNEVCAVKIVNRATKAFLHKEQMLPPPKNEQDVLERQKKLEKEISRDKRTIREASLGQILYHPHIC 
RLFEMCTLSNHFYMLFEYVSGGQLLDYIIQHGSIREHQARKFARGIASAIilYIiHANNIVHRDLKIENIM 
ISDSSEIKIIDFGLSNIYDSRKQLHTFCGSLYFAAPELLKANPYTGPEVDVWSFGWLFVLVCGKVPFD 
DENSSVLHEKIKQGKVEYPQHLSIEVISLLSKMLVVDPKRRATLKQWEHHW iyrVRGFNGPPPSYLPKRV 
PLTIEMLDINVLKEMYRLEFIDDVEETRSVLVS I ITDPTYVIiLSRQYWTLAAKMNAESSDNGNAPNITE 
SFEDPTRAYHPMISIYYLTSEMLDRKHAKIRNQQQRQSHENIEKLSEIPESVKQRDVEVNTTAMKSEPE 
ATLATKDTSVPFTPKNSDGTEPPLHVL.IPPRLAMPEQAHTSPTSRKSSDNQRREMEYALSPTPQGNDYQ 
QFRVPSTTGDPSEKAKFGNIFRKLSQRRKKTIEQTSVNSNNSINKPVQKTHSRAVSDFVPGFAKPSYDS 
NYTMNEPVKTNDSRGGNKGDFPALPADAENIWEKQREKQIEEDIMKLHDINKQNNEVAKGSGREAYAAQ 
KFEGSDDDENHPLPPLNVAKGRKLHPSARAKSVGHARRESLKYMRPPMPSSAYPQQELIDTGFLESSDD 
NKSDSLGNVTSQTNDSVSVHSVNAHINSPSVEKELTDEEILQEASRAPAGSMPSIDFPRSLFLKGFFSV 
QTTSSKPLPIVRYKIMFVLRKMNIEFKEVKGGFVCMQRFSSNNVAAKREGTPRSIMPLSHHESIRRQGS 
NKYSPSSPLTTNSIHQRKTSITETYGDDKHSGTSLENIHQQGDGSEGMTTTEKEPIKFEIHIVKVRIVG 
LAGVHFKKI SGNTWL YKELASS I LKELKL 

S, cerevisiae Kin2 (SEQ ID NO. 2) 

MPNPNTADYLVNPNFRTSKGGSLSPTPEAFNDTRVAAPATLRMMGKQSGPRNDQQQAPLMPPADIKQGK 
EQAAQRQNDASRPNGAVELRQFHRRSLGD WEFLETVGAQSMGKVKLVKHRQTKEICVIKIVNRASKAYL 
HKQHSLPSPKNESEILERQKRLEKEIARDKRTVREASLGQILYHPHICRLFEMCTMSNHFYMLFEYVSG 
GQLLDYI IQHGSLKEHHARKFARGI AS ALQYLHANNI VHRDLKI ENIMI SS SGEIKI IDFGLSNI FD YR 
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KQLHTFCGSLYFAAPELLKAQPYTGPEVDIWSFGIVLYVLVCGKVPFDDENSSILHEKIKKGKVDYPSH 

LSIEVISLLTRMIVVDPLRRATLKNWEHPWM KrRGYDFKAPSYVPNRVPLTPEMIDSQVLKEMYRLEFI 

DDIEDTRRSLIRLVTEKEYIQLSQEYWDKLSNAKGLSSSLNNNYLNSTAQQTLIQNHITSNPSQSGYNE 

PDSNFEDPTLAYHPLLSIYHLVSElWARKIjAKliQRRQAIiALQAQAQQRQQQQQVALGTKVALNN^ 

MTKMRSPQKEWPNPGIFQVPAIGTSGTSNNTNTSNKPPLHVIWPPKIjTIPEQAHTSPTSRKSSDIHT^ 

IiNGVLKSTPVPVSGEYQQRSASPWGEHQEKNTIGGIFRRISQSGQSQHPTRQQEPLPEREPPTYMSKS 

NEISIKVPKSHSRTISDYIPSARRYPSYVPNSVDVKQKPAKNTTIAPPIRSVSQKQNSDLPALPQNAEL 

IVQKQRQKLLQENLDKLQINDNDNNNWAVVDGINNDNSDHYLSVPKGRK^ 

FTRPPIPAALPPSDMTNDNGFLGEANKERYNPVSSNFSTVPEDSTTYSNDTNNRLTSVYSQELTEKQIL 
EEASKAPPGSMPSIDYPKSMFLKGFFSVQTTSSKPLPIVRHNIISVLTRMNIDFKEVKGGFICVQQRPS 
lETAAVPVITTTGVGLDSGKAMDLQNSLDSQLSSSYHSTASSASRNSSIKRQGSYKRGQNNIPLTPLAT 
NTHQRNSSIPMSPNYGNQSNGTSGELSSMSLDYVQQQDDILTTSRAQNINNVNGQTEQTNTSGIKERPP 
IKFEIHIVKVRIVGLAGVHFKKVSGNTWLYKELASYILKELNL 

S. pombe Kinl-like (gi|191 13449) (SEQ ID NO. 3) 

MKPNTTNLRNECWDTFSIPKRSQNIKINQSTKHQRSISDFVGTAGPGRQVGN WIIKKTIGAGSMGKVKL 
VVNILTGEKAALKMIPFTPNNTSQTVRVQREALLGRLLRHPNICRVIDCIRTPACTYILFEYVPGGQIiL 
EYILARGKLDEDLARSFAMQLINALVYLHKNFIVHRDLKIENVI.LTQDSRQVKLIDFGLSNFYSKDDLL 
RTYCGSLYFAAPELLDAKPYIGPEVDVWSLGWIYVMVCGRVPFDDVSVPMI.HSKIKSGKLEFPSYIsi 

DCCSLIAAMLNVNPRKRCSLEQAAKFPWL KKNSFCLYLPIPLTSIPSTPSIRSHVFKPPFNLKVLOLLH 

EHGLASIPELKHELYMAYIERKTTSLVCLYLLGVESLAPALRIPTALPPVYSRHQRHHSEILGAMDLTE 
KITAMQCPP 

S. pombe Kinl (gi|3560139) (SEQ ID NO. 4) 

MEYRTNNVPVGNETKSAALNALPKIKISDSPNRHHNLVDAFMQSPSYSTQPKSAVEPLGLSFSPGYISP 
SSQSPHHGPVRSPSSRKPLPASPSRTRDHSLRVPVSGHSYSADBKPRERRKVIG NYVLGKTIGAGSMGK 
VKVAHHLKTGEQFAIKIVTRLHPDITKAKAAA.SAEATKAAQSEKNKEIRTVREAALSTLLRHPYICEAR 
DVYITNSHYYMVFEFVDGGQMLDYI I SHGKLKEKQARKFVRQIGSALSYLHQNSVVHRDI.KIENILISK 
TGDIKIIDFGLSNLYRRQSRLRTFCGSLYFAAPEIiLNAQPYIGPEVDVWSFGIVLYVLVCGKVPFDDQN 
MSALHAKIKKGTVEYPSYLSSDCKGLLSRMLVTDPLKRATLEEVLNHPWM IRNYEGPPASFAPERSPIT 
LPLDPEIIREMNGFDFGPPEKIVRELTKVISSEAYQSLAKTGFYSGPNSADKKKS FFEFRIRHAAHD I E 
NPILPSLSMNTDIYDAFHPLISIYYLVSERRVYEKGGNWNRIAKTPVSSVPSSPVQPTSYNRTLPPMPE 
WAYKGDEESPRVSRNTSLARRKPLPDTESHSPSPSATSSIKKNPSSIFRRFSSRRKQNKSSTSTLQIS 
APLETSQSPPTPRTKPSHKPPVSYKNKLVTQSAIGRSTSVREGRYAGISSQMDSLNMDSTGPSASNMAN 
APPSVRNNRVLNPRGASLGHGRMSTSTTNRQKQIIiNETMGNPVDKNSTSPSKSTDKLDPIKPVFLKGIiF 
SVSTTSTKSTESIQRDLIRVMGMLDIEYKEIKGGYACLYKPQGIRTPTKSTSVHTRRKPSYGSNSTTDS 
YGSVPDTVPLDDNGESPASNLAFEIYIVKVPIIiSLRGVSFHRISGNSWQYKTLASRILNELKIi 

C. albicans orf6.8762 (SEQ ID NO. 5) 

MmQDPDSQYHNKKVYPPNLPSIPPPPQQPLSGRPATPRMLRSISGTLKSKTELAHSDKGQESNNETKN 
SNS PHYVPDTHTRQPPPES LKSNI QAPTAVHGNQQKGSLLPPPS I PNPNTMKPAPTPTGVDQPPAKQKP 
SPAPKQPQPQQQQQQQQQQQFHRKSIG DWNFVKTIGAGSMGKVKLAQHNATHEICAVKIIPRAAKLYQR 
AHANDPPPQTTQEAAQRHKEFEKEVARDRRTIREGALGRLLYHPFICRLYEMVPMTNHYYMLFEYIEGG 
QMLDYIVAHGSLKERHARKFARGIASALDYCHRNNWHRDLKIENIMINEKGDIKIIDFGLSNLYAPKN 
LLKTYCGSLYFAAPELLSAKPYIGPEVDVWSFGWLYVLVCGKVPFDDQSVSVLHEKIKKGNVEYPAFL 
SRECVSLLSRMLVVDPTKRASLYEVCSHPVM NKGYDYKVNNYLPRREPLRLPLDPEIIKTIANFEIiGTV 
QGVADELTSILTSVEYQMSCENWYKITETGREYASSQNAQILPDPTGGFHPLVSIYYLVDEMRKRKKAK 
EEALKAQRRAQVPTIAVPTPKQQQQQQPQPAQPQPQPQPEVSQPLPEPKPVPPEEIINPAVATQAQANM 
TAPKIVETFSETPQRTLDPSKQSVDEKPSAPGPSIAVPEQAHTTSVPSSFVKTQTSIDEDQLSIPEQQS 
PRTSTPQTLDPAKWGGSSGSAISAPNAGSGAGFNSIiLRRLSSKKYKGASSPKRSTSPSPNVEGLSPQP 
TKADPMWRGVSMKVTAKEKQTNTRP PKSEL I KKKPQHGRSS STSNKMQGF I PVE YLPPLPTIDTNTNT 
IVSDGAKQQNLTVPSTARHMHPTARAKSVGGGHMRKDSYGRVSHGSQNPLPPLPTSMASQNSQEWGKD 
TSEGFFDDVQLDDVGYQEVPQLTESEIIEQYNISKPNSMPSIEHCKTIjFLKGFFSVQTTSAKPLPVIRY 

niinvlsklgvkfqevkggfvcmhtpsvqpshsneldeenklygdafkskssdsfeaaepegsktpsrq 
pslqlpshtpttpsgpkshkssnsigsiggnvprrkfsignafntyrkkngsqvmmppntpatakvihg 
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LYDDDDKERNGEDDDDEDDYGYDDSADSLNGYGGGSDMLISSRIEQRAKHQRTVSSSSQKASKSPLKFE 
IHIVKVPLVGLYGVQFKKILGNTWNYKTLASQILNEMNL 

KIN4 family 

[0078] The KIN4 family comprises two genes in S. cerevisiae, 
Kin4 and YPL141C; one Icnown gene in S. pombe, gi| 10185124 
{SPAC140.05), and one from C. albicans, orf6.4215. While KIN4 family 
members are related to the eukaryotic AMP-activated protein kinase 
(AMPK) family, their sequence similarity is sufficiently distinct so as to 
distinguish the two families. 

[00791 YPL141C is implicated in the cell cycle because the 
production of its mRNA transcript correlates with control of the cell cycle, 
i.e., the levels of YPL141C mRNA peaks at M phase, or at S/G2 phase. 
See, for instance, Spellman et aL, Molecular Biology of the Cell, 9 (12): 
3273-97, 1998. 

[0080] Mutants in both S. cerevisiae KIN4 genes are viable. Due 
to the high similarity between Kin4 and YPL141C kinase domains (77% 
sequence identity and 87% sequence similarity) these two S. cerevisiae 
KIN4 family members may serve mutually redundant functions. As such, 
an inhibitor of one gene would likely inhibit both, possibly revealing vital 
functions of this family. 

[0081] The KIN4 family members include, in S. cerevisiae, Kin4 
(SEQ ID NO. 6) and YPL141C (SEQ ID NO. 7); in S. pombe, SPAC1 40.05 
(SEQ ID NO. 9); and C. albicans orf6.4215 (SEQ ID NO. 8). The kinase 
amino acid sequences of these particular family members appear below. 
Where appropriate, the public database accession number for a kinase is 
included so as to indicate its source. 
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[0082] The bold, underlined portion of each family member 
denotes its kinase domain. Accordingly, the present invention allows the 
skilled artisan to identify and classify newly-identified kinases from other 
fungi as belonging to the KIN4 family if the newly-identified kinase 
domains share at least 55% amino acid sequence identity with any one of 
the kinase domains of an indicated family member listed below. 
Preferably, the KIN4 kinase domain has a percentage sequence identity to 
a kinase domain of any one of SEQ ID NOs. 6-9 of 60%, of 65%, of 
70%, of 75%, of 80%, of 85%, of 90%, or of 95%. 



S. cerevisiae Kin4 (SEQ ID NO. 6) 

MASVPKRHTYGGNVVTDRDRHSLQRNNEILHPIHKNQRKHATFGP YIIGSTLGEGEFGKVKLGWTKASS 
SNEVPKQVAIKLIRRDTIKKDADKEIKIYREINALKHLTHPNIIYLEEVLQNSKYIGIVLEFVSGGEFY 
KYIQRKRRLKESSACRLFAQLISGVNYMHYKGIiVHRDLKLENLLLDKHENLVITDFGFVNEFFEDNELM 
KTSCGSPCYAAPELWSTKAYEARKADVWSCGVILYAMLAGYLPWDDDHENPTGDDIARLYKYITQTPL 
KFPEYITPIPRDLLRRILVPNPRRRINIiQTIKRHVWL KPHEAFLSIQPNYWDEHLQKERPKPPNKGDVG 
RHSTYSSSASSYSKSRDRNSLIIESTLEQHRMSPQLATSRPASPTFSTGSKVVLNDTKNDMKESNINGE 
RTS AS CR YTRDS KGNGQTQ I E QVS ARH S S RGNKHTS VAGL VT I PGS PTTARTRNAPS S KLTEHVKDS S Q 
TSFTQEEFHRIGNYHVPRSRPRPTSYYPGLSRNTADNSLADIPVNKLGSNGRLTDAKDPVPLNAIHDTN 
KATISNNS IMLLSEGPAAKTSPVDYHYAIGDLNHGDKPITEVIDKINKDLTHKAAENGFPRES IDPEST 
STILVTKEPTNSTDEDHVESQLENVGHSSNKSDASSDKDSKKIYEKKRFSFMSLYSSLNGSRSTVESRT 
SKGNAPPVSSRNPSGQSNRSNIKITQQQPRNLSDRVPNPDKKINDNRIRDNAPSYAESENPGRSVRASV 
MVSTLREENRSELSNEGNNVEAQTSTARKVLNFFKRRSMRV 

S. cerevisiae YPL141C (SEQ ID NO. 7) 

MSYTNKRHTYYGGFTNDLSDTFQYPQRTDEQRRKHVTFGP YILGSTLGEGEFGKVKLGWPKNFSNSSNS 
TFDFPKQVAIKLIKRDSISNDYRKEVKIYREINALKHLSHPNIVKLEEVLQNSRYIGIVLEYACGGEFY 
KYIQKKRRLKEMNACRLFSQLISGVHYIHSKGLVHRDLKLENLLLDKNENLVITDFGFVNEFCSRNELM 
KTSCGSPCYAAPELVISAEPYEARKADIWSCGVILYAILAGYLPWDDDPNNPEGSDIGRIiYNYINSTPL 
KFPDYILPIPRPLLRRMLVSDPKKRINLKQIKKHEWL KPHSSFLSITPDEWDKLNNTOSVFRLAKPRRR 
YGSRPQSSCSTSSLGSRSDKRDSLVIDSTLITFPAPPQESQNHIITRPASIASDQRLSPIRRSNRHNRS 
NSAASVALQAWNADREYVLSHEQSLSPVQNIRQTTGNMTASIiSPPPAISPGDIIIETTPIKRNTISGS 
SIVPSLEEESSTTMQTSKIQPNNMASSQNHQYNKNKTQNSLQSAKNFYRTSSSSHTKPRPTSYHPGSYT 
TPPYNSNTLSIYEINEKAKSSASSQTLNQRDTSPFDSTPYLALDTCITSSSSIESSPKLITHGQFSVAK 
PSVDLQSVSGDLIKYKRDADWTRIYDEKYKQKRKSLRYSGIFSDISCDTVTEESDELRPPESPLQQHE 
GQESIDKAKTEDTSEKGSKSSNIAKATAQKHVNNHLERSLNEAESTKKRFSFLSLYSYDTSKSSLYSSM 
DSKRKPSPPSQRRPKKDDSYQTNSKNHYITASNMQTSHQVSKDLPAPTMVQNKCTLETKKAVRSNRSSI 
MVSEVNKASVDNKAAQSPEHSTAKRVLGFFKRRSMKI 

C. albicans orf6.4215 (SEQ ID NO. 8) 

MSTIPSQVEINFNKIHQRSNSSSSTSSYRIPSGNSCIPRTVEMPSLPPTSTHHQHQQMPSSSSHAHIAK 
KIHREVRFG AYILGSTLGEGEFGKVKLGWRKDGKHPSQVAIKLIKRSTITKDSDSEIKIHREINSLKLL 
NHPNIVNLVEVMKSGKYIGIVLEYASGGELFDYILQHKYLKENVAKKLFAQLVSGVDYMHAKGLIHRDI, 
KLENLLLDKHRNVIISDFGFVNSYNRDKNDLMKTSCGSPCYAAPELVLSQTAYEGRKVDIWSLGVILYA 
MLAGYLPFDDDPENEDGSDIIKLYHYICKTPLTFPEYVSPLARDLLRKIIVSDPKKRISIDDIRNHPWL 
SSHANLLSIRQPEWDKVHSEKQQPIAVEPPQPNKRYSMINERTNSSSLMSPAPRVTHTQPLSSHARSYS 
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STSISLLYSSPSATPSMANAVTNGEGATTTTTNGSINESNDTLQLSGTPSPKKPSTVSPVRGHQKSASI 
SNSYSSASIALKAWHEENRLHNHQQSQQYIPRSSTISTIVESPTKANTATETETTDGHKILLPPPSKD 
AQKLPHAAKKPRPTSYHPSSMSSALIHNNQNPTDVLKMPSPINFPMTQFISTSPPKSNGSLNDSGNFTN 
CSPKATSRRNSWTHVHVNGVLSKENLIHSSSSPDNKRNSVLSYLEDKIDTLELTESHSPSKNTFEEIV 
DAAIATPEINQVPVFDSQTSPNGIGLDIKHKEFDETSLWEKKSKETVSDSKSEESTKETQQQENWMY 
EPIVPVEEYIKKPEEVNSVEAKQPEEVKSEDKSLQGQKSQQQQQQPEKHSADIGKTKVDLKKSASQKKK 
VKEESIKKQKDVDSKPIERRHTIAARRHHNDENKENKDVKKRNRFSLLSFYSSYNSSNSNVSLATSKVP 
SNSENNTTVLKPTSMNTTRKVLEPSNETNIMRKETKQTNSNGSTTSKSTTSSSSSSAPAASSSSSSSTS 
KRASTATKETSAARKVMDFFKRRSVRVG 



S. pombe SPAC140.05 (gi|7523475) (SEQ ID NO. 9) 

MNAQPFHNNTSDVQSFQDIISNSYQKPLSLVDSTDRALPDSSLSSLSRSTFQFHKHHLSGNENPQPSSE 
SPYFTNNERLNSSSFPQIHDNQLSPSFNTSYQAIPSSSSNRSRGGPYTPSIRDDSLLALLSFSSNHRLH 
SMPSQLQPFNNASSYTTPMAPFTASFSNKVSHSAYPTRRLPSQAKKTSAIERVPVNLNFLQSDNLWQS 
SPQTNFENFEFPKKIPSKEDLETREVLLLPPQTSKLSNKNLDTKSFTDVNKISQQGFVEISSNSSKVTP 
NTSLHQSFGIASSSSNNYMQTSSEIiTSSTEKMNGSHPLQIiSNKSLLSIHLMQSKNQGHVSMTGSDKLSS 
HVQSETENAPVSKPSKPNTLTEDEKPLQSTKLPGNSLTVGELYQEPKSIQLPELSVSRTTYSAQSSSVK 
NCNERIPSAKALKKQKHLVPENKSKIiQYVWQKKESLPYANLTSASNTHFFLSENQNDTSERLTRTLRKS 
TKNYTFGS YILGRTIGTGEFGKVKLGWPLPKANSTIHRSTPQWIKIVLSTKQNCQTSRLMREVAILKG 
LGNNHPHIVKYLDFVKTKHHFGIVLDYVNGGELFDYILARRRLEDSVACRLFAQLISGVAYLHSRGWH 
RDPYSESY " 



GIN4 family 



[0083] The GIN4 fungal-specific kinase family includes three 
genes from S. cerevisiae GIN4 (SEQ ID NO. 10), HSL1 (SEQ ID NO. 11) 
and KCC4 (SEQ ID NO. 12); two genes from C. albicans, orf6.4613 (SEQ 
ID NO. 15) and orf 6.6556 (SEQ ID NO. 16); and the CDR2 (SEQ ID NO. 
13) and CDRl (SEQ ID NO. 14) genes from S. pombe. 



[0084] All three S. cerevisiae members possess similar, and 
partially redundant, functions from nutrient sensing and developing cell 
structure to control of cell division. All three genes, GIN4, HSL1 and 
KCC4, are required during cytokinesis to organize septins within the neck 
of the bud. The protein products of these genes signal the state of the 
cytoskeleton to the Swel mitotic checkpoint in order to allow mitosis to 
continue, and also are required for mitotic arrest during nitrogen 
deprivation. 
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[0085] Cdrl in S. pombe phosphorylates and negatively regulates 
the Weel mitotic control gene and is involved in mitosis and nutrient 
sensing. 



[0086] An inhibitor of one family member would likely inhibit 
other family members, causing defects in cell cycle or cytokinesis. A 
GIN4-family inhibitor might also cause fungal cells to ignore stress signals, 
thereby inducing cell mitosis and proliferation. However, in the absence 
of nutrients these processes most likely would lead to death of the fungus 
and its progeny by starvation. 



[0087] The bold, underlined portion of each family member 
denotes its kinase domain. Accordingly, the present invention allows the 
skilled artisan to identify and classify newly-identified kinases from other 
fungi as belonging to the GIN4 family if the newly-identified kinase 
domains share at least 55% amino acid sequence identity with any one of 
the kinase domains of an indicated family member listed below. 
Preferably, the GIN4 kinase domain has a percentage sequence identity to 
a kinase domain of any one of SEQ ID NOs. 10-16, of 60%, of 65%, of 
70%, of 75%, of 80%, of 85%, of 90%, or of 95%. 



S, cerevisiae GIN4 (SEQ ID NO. 10) 

MAINGNSIPAIKDNTIGP WKLGETLGLGSTGKVQLARNGSTGQEAAVKVISKAVFNTGNVSGTSIVGST 
TPDALPYGIEREIIIMKLLNHPNVLRLYDVWETMTDLYLVLEYAEKGELFNLLVERGPIiPEHEAIRFFR 
QIIIGVSYCHALGIVHRDLKPENLLIiDHKYNIKIADFGMAALETEGKLLETSCGSPHYAAPEIVSGIPY 
QGFASDVWSCGVILFALLTGRLPFDEEDGNIRTLLLKVQKGEFEMPSDDEISREAQDLIRKiLTVDPER 

RIKTRDILKHPLL QKYPSIRDSKSIRGLPREDTYLTPLSESNSSIDATILONLVILWHGRDPT^nTKPlKT. 
REPGANAEKTLYALLYRFKCDTQKELIKQQQVKKRQSISSVSVSPSKKVSTTPQRRRNRESLISVTSSR 
KKPISFNKFTASSASSSNLTTPGSSKRLSKNFSSKKKLSTIVNQSSPTPASRNKRASVINVEKNQKRAS 
IFSTTKKNKRSSRSIKRMSLIPSMKRESVTTKLMSTYAKIiAEDDDWEYIEKETKRTSSNFATLIDEIFE 
YEKYEQIRKEKEELERKVREAKAREELERRRRKQEEKERARKLLEKEDLKRKQEELKKQIEIDISDLEQ 
ELSKHKEEKLDGNIRSISAPMENEEKNINHLEVDIDNILRRRNFSLQTRPVSRLDPGIMFSSPTEEVSP 
VEPKRTENERLTTEKKILETIRRSKFLGSSFNIDKELKLSKMEYPSIIAPQRLSEERWSDSNDGYESL 
ILPKDGNGVSQLKDSTATTAPVSDGRLRKISEIRVPQFTRKSRHFSESNKRLSVLSMYSTKESFTNLVD 
ILKNGNLDVNNQQSQRIPTPRSADDSEFLFETVNEEAEYTGNSSNDERLYDVGDSTIKDKSALKLNFAD 
RFNGSNEAKQTDNLHLPILPPLNGDNELRKQNSQEGDQAHPKIKSMIPESGSSSHTEKEEENEEKEEKK 
PEQHKQEEDQEKREKVVDDMEPPLNKSVQKIREKNAGSQAKDHSKDHLKEHKQDKNTAIGNGSFFRKFS 
KSSDKTMELYAKISAKQLFNGLEKLLRGWTQYGLKNIKSHPNNLTLTGKLSSDNIFSLRSTLFEVNIYP 
RGKMSWQFKKVSGSFKAVKKLVNEVENVLNKEGVLQK 
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S, cerevisiae HSLl (SEQ ID NO. 1 1) 

MTGHVSKTSHVPKGRPSSLAKKAAKRAMAKVNSNPKRASGHLERWQSVNDATKRLSQPDSW 

SKRKSRDTVGP WKLGKTLGKGSSGRVRLAKMMETGQLAAIKIVPKKKAFVHCSKNGTVPNSYSSSM^^ 

NVSSPSIASREHSNHSQTOTYGIEREIVIMKLISHTNVMAIiFEVWENKSELYLVLEYVDGGELFDYLVS 

KGKLPEREAIHYFKQIVEGVSYCHSFNICHRDLKPENLLLDKKNRRIKIADFGMAALELPNKLLKTSCG 

SPHYASPEIVMGRPYHGGPSDVWSCGIVLFALLTGHLPFNDDNIKKLLLKVQSGKYQMPSNIiSSEARDL 

ISKILVIDPEKRITTQEILKHPLI KKYDDLPWKVLRKMRKDNMARGKSNSDLHLLNNVSPSIVTLHSK 

GEIDESILRSLQILWHGVSRELITAKLIjQKPMSEEKLFYSLLLQYKQRHSISLSSSSENKKSATESSVN 

eprieyasktanotglrsenndvktlhsleihsedtstwqnnaitgwteinap 

qpesdkaeaeavtlppaipifnasssrifrnsytsissrsrrslrlsnsrlslsastsretvhdnempl 

pqlpkspsryslsrraihaspstksihkslsrkniaatvaarrtlqnsaskrslyslqsiskrslnlnd 

llvfddplpskkpasenvnksephslesdsdfeilcdqilfgnaldrileeeednekerdtqrqrqndt 

kssadtftisgvstnkenegpeyptkieknqfnmsykpsenmsglssfpifekentlsssyleeqkpkr 

aalsditnsfnkmnkqegmriekkiqreqlqkkndrpsplkpiqhqelrvnslpndqgkpslsldprrn 

isqpvnskvesllqglkfkkepashwthergslfmsehvedekpvkasdvsiessyvplttvatssrdp 

svlaesstiqkpmlslpssflntsmtfknlsqiladdgddkhlsvpqnqsrsvamshplrkqsakislt 

PRSNLNANLSVKRNQGSPGSYLSNDLDGISDMTFAMEIPTNTFTAQAIQLMNNDTDNNKINTSPKASSF 
TKEKVIKSAAYISKEKEPDNSDTNYIPDYTIPNTYDEKAINIFEDAPSDEGSLNTSSSESDSRASVHRK 
AVSIDTMATTNVLTPATNVRVSLYWNNNSSGIPRETTEEILSKLRLSPENPSNTHMQKRFSSTRGSRDS 
NALGISQSLQSMFKDLEEDQDGHTSQADILESSMSYSKRRPSEESVNPKQRVTMLFDEEEEESKKVGGG 
KIKEEHTKLDNKISEESSQLVLPVVEKKENANOTENNYSKIPKPSTIKVTKDTAMESNTQTHTKKPILK 
SVQNVEVEEAPSSDKKNWFVKLFQNFSSHNNATKASKNHVTNISFDDAHMLTLNEFNKNSIDYQLKNLD 
HKFGRKWEYDCKFVKGNFKFKIKITSTPNASSVITVKKRSKHSNTSSNKAFEKFNDDVERVIRNAGRS 



5. cerevisiae KCC4 (SEQ ID NO. 12) 

MT VANTETHS AAKPS S T I GP WKLGETLGFGSTGKVQLAQHERTGHRTAVKVISKSIFNNNGNHSNDDSV 
LPYNIEREIVIMKIiLSHPNVLSLYDVWETlTONLYLILEYAEKGELFNLLVDHGPLPEREAINCFRQIII 
GISYCHALGIVHRDLKPENLLLDSFYNIKIADFGMAALQTDADLLETSCGSPHYAAPEIVSGLPYEGFA 
SDVWSCGVILFALIiTGRLPFDEENGNVRDLLLKVQKGQFEMPNDTEISRDAQDLIGKILVVDPRQRliEl 

RDILSHPLL KKYQTIKDSKSIKDLPRENTYLYPLADSNNHTSASIDDSIIiONLVVLWHGRHADDTVfiKT. 
KENGTNKEKILYALLYRFKLDSVRGSNKKNRNKIKKTKKNKRSSTLSSSSSLLLNNRSIQSTPRRRTSK 
RHSREFSSSRKRSSFLLSSNPTDSSPIPLRSSKRITHINVASANTQATPSGVPNPHKRNSKKRSSKRLS 
YMPNTKRSSLTSKSLSNFTNLIDDDDWEYIEKDAKRTSSNFATLIDEIFEPEKFELAKREKAELQRKVQ 
EAKRQSVNAQKINEDEFGSEVSDGMKELKKINDKVSSPLINYEFSQQELLQDIDTLLTNRYQLSSYTRP 
ISRLDPGLTPVTETLPNNLKEKTALLQDTEKKIIETIRRSKFLGSLLNVRGGLSPGKSELAPIEESPIV 
STTPLIYNDRMEPRRISDVEVPHFTRKSKHFTTANNRRSVLSLYAKDSIKDLNEFLIKEDPDLPPQGST 
DNESRSEDPEIAESITDSRNIQYDEDDSKDGDNVNNDNILSDFPQGVGISQEYDMKDKNPNQSPISKSA 
EPTLWKLPSLSSFQGKNASGLGLYQREPSKVTLPSLTSNNSSVGENIEDGAEKGTESEKIAASLSDDD 
LKEDNDKKDNDTWAPTTVKKPPNSVLLKKFSKGKILELEIHAKIPEKRLYEGLHKLLEGWKQYGLKNL 
VFNITmilTGKLVNDSILFLRSTLFEIMVLPNGDGRSLIKPNKKTGSTKTLTKIjATEIQIILQKEGV^ 
DK 



S. pombe CDR2 (gi|2058369) (SEQ ID NO. 13) 

MSTISEVGP WELGIiSLGSGGPNSSRLAKHRETGQIAVVKPIVGWSEI.TSSQQARIEGELVLLRLIEHPN 

VIiQLIDVISAQEQLFVWEYMPGGELFDCMLRKGSFTEQDTAKFLWQILCGLEYCHKLHICHRDLKPEN 

LYLDAHGSIKIGEFGMASIQQPGKLLQTSCGSPHYASPEIIMGRSYDGCASDIWSCGIIFFALLTGKLP 

FDDDNIRSLLLKVCQGQFEMPSNISPQAQHLLYRMLDVDSSTRITMEQIREHPFL SCFVHPNISIPIIS 

APIQPIDPLIVQHLSLVFRCSDDPMPLYEKLASQSPLVEKTLYTLLSRHLHPPSSAAVDRNRAWDDLL 

GTAASNGQQMDEEEIEQAINIPTLAPYPISYAAESVPRPATSASPFLTPVTTSGTFNYSFNATNPQSIL 

QRPATTSSAVPQLPKSVTPGLAYPHDSSMLSSNYRPPSALSPRNFNVSINDPEVQLSRRATSLDMSNDF 

RMNENDPSIVGNLAASNFPTGMGPPRKRVTSRMSEHTGNRWSFPRGSAFNPRVTRFNVGNEQFSNNID 

NISTNYNQPYANATMNNSRRLRTPSGERSMRADLSQSPASYDSLNVPKHRRRQSLFSPSSTKK^ 

PKRSFLRRLFSSEPSCKCVYASLVASELEHEILEVLRRWQLLGIGIADIIYDSVSASISARIKRQNSLN 
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LKPVRFRISVLAEFFGSQAVFVLESGSSTTFDHLATEFQLIFEDKGFLDNLELSYFQASASRPVSRMSV 
S S S PFAVFRQRQS VQS 

S. pombe CDRl (gi|7708585) (SEQ ID NO. 14) 

IWKRHKNTIGV WRLGKTLGTGSTSCVRLAKHAKTGDLAAIKIIPIRYASIGMEILMMRLLRHPNILRLY 
DVWTDHQHMYLALEYVPDGELFHYIRKHGPLSEREAAHYLSQILDAVAHCHRFRFRHRDLKLENILIKV 
NEQQIKIADFGMATVEPNDSCIiENYCGSLHYLAPEIVSHKPYRGAPADVWSCGVILYSLLSNKIiPFGGQ 
NTDVIYNKIRHGAYDLPSSISSAAQDIiLHRMLDVNPSTRITIPEVFSHPFL MGCTSLSSMDSTTPPTPS 

LSIDEIDPLVVDCMCVLWKKSSSKKVVRRLQQRDDNDEKYVYKVLSEILRDDMLKKQRFDENKYLSLYD 
LIHDNNLFTKASISTTSLVKSNVSTNSRKSSNFEDELARRVSSPLSALNQMSQSPIPIRVSSDKDYDSY 
ACHEWSNPSTLDDDYNYMFVCPPEEYTYSTDNVRTDSLDLQSLPTPTLEQLESVPFNRYGYVRIFPST 
TLSSTASGYYTPDSLSTPEPSIDGLTNLDDVQVGGFVQGSGNQNRRPISFPVISNMQPNITNVRSASAP 
LCSSPVPSRRYSQYATNARYTPRKVSSGSVLRKISSFFRKD 



C albicans ORF6.4613 (SEQ ID NO. 15) 

MSTWNRRSSHOFDSPSNHLDHSSSMNVDKWOSVTNATKRLSQISTNTNNSNKKRKTQNKIGP WKLGR 
TLGRGSTGRVRLAKNTTTGQLAAVKIVPKSNFKKLENPKYKRSKEDATRIiPYGIEREIIIMKLISHPNI 
MGLYDVWENKNDLYLILEYIEGGELFDYLIKRGKLQEYEAINYFKQIINGINYIiHQFNICHRDLKPENL 
LLDFNKNIKIADFGMAALEVKEKLLETSCGSPHYASPEIVAGKNYHGAPSDIWSCGIILFALLTGHLPF 
DDENIRKLLLKVQSGKFNMPPELSFEAKDLITKMLKVNPRERITIDAILTHPLLA KYPEPTVSYSSTTT 
LDINSINIKQIESVDKIDKEILKNLSVLFHNCDEKTIISRLLSPNRCPEKMFYYLLMKYRNEHLSNSNS 
FNSSNDVDSARSLPRSTSYVKTTVTDHATGEKHTTVKKIQQSSSIYSNRSLLKKSTSAKGNVLSNITNR 
PNTPKQFSASSSFNKKKALHSKTQIYASRSRNASSRSLKSNSSTGRNGNNASVTSVNKIPEITGATVLQ 
PIPSMAMNRGDEQQNKTKKNLTGTFGNKSLLNFQLICEEVFENDKENSKPVSKTPVSQIjPPPPPPPIET 
PTSRTNSVKRGKTWSLARRERELAEQVRQRNEARENKLKAEELARKELEQEKKRIAEEKKRLEQQEREL 
DEKQKLQEKQKAALEKLQKHQSAHDFEGLFASNRRSVTDMAPSSGMSSLDPRAHMVSRANTIGSPNLSS 
SSVNIDENASKVLHKFGIDVAPSPKRFSRASKTSTSKNLSSFIiAPTVSRNLSSQLKTSSSKNLAGYLHG 
TTDTNGS AIAAKKKDDSTNEALTI EEFNAKERTSMS PS I SKAS VNKRNSNQS S YYRSMFSDNGNDDIS^ 
KVRTGESHLSVQEEEEMDMENAIDEDISLIPNPRFSRFSFGGLLGSNTVANEEGDWTIMNSTLNHSNTV 
VRGTHNKS STMLGLGI KMRDTTTI KEDEEFEDEKPFI SVPS SEDDEGNTHKNKRGGLRDSGNYDFDEEH 
SVASTANTEYSDVASQGQQMPGSHTIHQLETELSNFDLLSYRVADIGKVNKHKPSIVDSKETLLKNHSS 
DEATIEVKEDNNEHDFNDKIKQHYDDNGDSEEDDEDEDEEEEDDDDDDDARSSFEARPHSHNYSLAEIT 
SESPVGGGYESPSIANDFKKSRHSTGIFSTTQFPRSPYVVNlSrNGDSNKIDENSQQQTKHMIiNDGHKGLIT 
SPVQDTFGSKKPVESNSLFRRLSIiNPNRAAPKAPAPPPPSAPISSAAKANISQPIiSSPTKGHNRFSRIS 
IGSKNMLQKEDKSTKSNWFKKFFHSLTTPSAKDQSGNSSSKVASKDIKIIDTSLTAAQLIRVIKYQLEL 
KKIEGSISKVDIDEEFGLISGVIPSKFANGRKLKFKIEVIDLINSSSLHVIKMKGNDKGFQSLVNIVTF 
IIKKEEQDKISRR 



C. albicans ORF6.6556 (SEQ ID NO. 16) 

MPHSRQPSISSSIMSQSNHNHPQKIGP WKLGKTLGRGATGRVLLATHQTTGQKAAVKWSKSELQDEET 

EKNGDGLPYGIEREIIIMKLLTHPNVLRLYDVWETSKAIiYLVLEYVEGGELFDIiLVERGPLPEVEAIKY 

FRQIILGTAYCHALGICHRDLKPENLLLDSQLNVKLADFGMAALESNGKLLETSCGSPHYAAPEIVSGL 

KYHGAASDVWSCGVILFAIiLTGRLPFDDENIRNLLLKVQAGNFEMPVDEVSREARDIilARMLEVDPMRR 

ISTEKILRHPLL TKYPMSNEDLISEKSLPHPQTGYKSLGSVRNIDKQILSNLTILWNDRPEEEIVDCLL 

KDGSNPEKTFYALLMRYKHNQEDNTNITOSPKKSTSFlSrNKVVRSGSKYSLNGTPRRK^ 

Q YKSNPGAGATANRNS VARHS VAS S ANNS PRKS P YKS P YRS P YRS P YKS PSKRYS YNQS PTKS P YGRRS 

NSQRQFENEPLKAKPRNIYNEIVDAQSNFSLPPSLPPSLPSKDSRYMIDEPNQPQLQQPALSQVPENPI 

VDESPDLMQSAKISSGKRNSIIGKNNNNSNSNKRMSKRKSIRASMTTGIiKRNSITMKLLSTYAKLSG 

DWEYMDKQTKRTSATFAALCDKIFNQEDYDEEDEQLVDPEEKEAKEYERLMELERKKHEAELKARRELE 

KKKRRQKRRS ILSSKKLS 1 1 VKNDADPNNSEQELVDEGIKQPKRQSKNLTALRALSEGNHASEELTLED 

VENLK3^RSASQPVPKRRQTPVLTRRPVSRLDPLWQAHENEQLDRAKDALEQEWRDSQKRSSTVSRKKVN 

RESMISVMDDIVEEDQGRVNRRSTRNTYYERERDYELPEPTVEDSNLTDDYMTEIRKSRLLNSQLNVRD 

PLNEKRKSEPKTLISNVQIPSVTRKSRNFTTSNKRLSVLSMYSTKESYRDLNSIINSPDENPEQHQNMN 
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KPALRTSIADRLDKAGLAEPEYETETDGEDKVSVIDLDDHLADRRTSYYDGSGKRASRASTTKRYNVHS 
SSGQRPKSKVPDLPKNDYDDTFVSNSDEVHKRQYKSMVSDESSASDDVFDKIKLPDGKSTKSSIDELAN 
GTSTSGHRKPKIRHSQPGPEMLIPHLNGGIESSQPMSKVRGNNSSGHDDSVPPPPPAHKVNKKPLDDKT 
NFPPPEVDPKRKGSFFRKLSWGSKKTIENNTNAATNTTTQQQLPSPAESKEEKPKSSFFRWFSSSNTPS 
AAEIRKFNTILPKHEMSTALFALLNSWSNFGLKDLRNDQVGYYITGAISKHNSFNLKSCKFRIKINQRD 
FNQKSEIVCVRVKGSKVTTDTLFSEIEKVLLKEGVLDK 

RAN family 

[0088] The RAN fungal-specific kinase family includes three 
genes from 5. cerevisiae KSP1 (SEQ ID NO. 17), SKS1 (SEQ ID NO. 18) 
and YDR247W (SEQ ID NO. 19); the RANI (SEQ ID NO. 20) and 
SPBC16E9.13 (SEQ ID NO. 21) genes from S. pombe, and un-named 
homologs from Pichia jadinii (gi| 1232133) (SEQ ID NO. 22), Nectria 
haematococca {gi| 1256839) (SEQ ID NO. 23) and C. albicans 
(gi I 7271 026) (SEQ ID NO. 24). 

[0089] The RAN kinase family members are implicated in a 
variety of functions. KSP1 , for example, suppresses mutants in SRM1 , a 
GDP exchange factor that is involved in splicing and nuclear export, when 
it is overexpressed. The SKS1 kinase interacts with a proteasome subunit 
involved in transcription as well as with telomeres. It may also be used 
by fungal cells during carbohydrate metabolism in times of nutritional 
stress. RANI regulates mitosis. Furthermore, RNAi interference 
experiments reveal that the C. albicans' kinase, depicted in SEQ ID NO. 
24, is required for normal growth. 

[0090] The bold, underlined portion of each family member 
denotes its kinase domain. Accordingly, the present invention allows the 
skilled artisan to identify and classify newly-identified kinases from other 
fungi as belonging to the RAN family if the newly-identified kinase 
domains share at least 55% amino acid sequence identity with any one of 
the kinase domains of an indicated family member listed below. 
Preferably, the RAN kinase domain has a percentage sequence identity to 
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a kinase domain of any one of SEQ ID NOs. 17-24, of 60%, of 65%, of 
70%, of 75%, of 80%, of 85%, of 90%, or of 95%. 



S, cerevisiae KSPl (SEQ ID NO. 17) 

MTLDYEIYKEGGILNNR YQKIEDISEGSYGYVSLAKDVREKRLVAVKYIFKLEDDGQYDGPQDDENDCD 

SSDCDDDEDTKVDTDRHENENGNASSNNGSSREKKHNLYKHKKSLISSK\^SRLSNNICI.EA^ 

TKIGRHQNIAALLDFFDSYIIMEYCSGGDLYEAIKADAVPKKTKSITHIITQIMDAIEYVHNKGIYHRD 

IKPENILISGIDWTIKIiTDWGLATTDKTSMDRNVGSERYMSPEIiFDSNLDIKERKEPYDCAKVDLWAMG 

IVFLNIVFHKNPFSIANQSDKSFCYFAANREALFDVFSTMAYDFFQVLRYSLTIDPANRDLKMMRTELQ 

NLSEYT LDDEYYNNLDEGYEETMIDGLPPQPVPPSSAPVSLPTPISSSNKQHMPEFKKDFNFNNVNERK 

RSDVSQNQWASGFFKKPSTQQQKFFNQGYNTTLSTHERAKSAPKFKFKKRNKYGRTDNQFSKPVNIED 

RKKSKILKKSRKPLGIPTPNTHMNNFFHDYKARDEFNTRDFFTPPSVQHRYMEGFSNNNNKQYRQNRNY 

NNNNNNSNNNHGSNYNNFNNGNS YI KGWNKNFNKYRRPSS S S YTGKS PLSRYNMS YNHNNNS S INGYAR 

RGSTTTVQHSPGAYIPPNARNHHVSPTNQFLRVPQSTAPDISTVLGGKPSYQEHYTQDSMDSEGDHDSD 

DVLFTLEEGDHDFVNGMDNIiS INDHLPHTTVGSHNEVFVHASTNHNIJNGNNNHIDTNSTTNQYHRQYI P 

PPLTTSLHINNl^TNNESNELPDLLKSPASSEAHLNLSSGPIDPILTGNIGNRYSHSSDSKELEQERRLSM 

EQKFKNGVYVPPHHRKSFNLGTQVPPMNMKTSNEATLSVSHNSWFGGSYNSRRSSANESNPLHM^ 

EKLSSSPGAKSSFVGFPKPLLPRiraSSTTIALQNEDVFADSNNDAIIFEDEEYEGESDKMAHGKMEGGD 

NESSSTSPDERQIFGPYEIYAQTFAGSTHDKKLGAGRKTSIQDEMVGSLEQYKNNWLILiQQQD 

S. cerevisiae SKSl (SEQ ID NO. 18) 

MLSDCLLISnSr FRITAQIGSGAYQLVFHVVPILTSREYAVKTVFKSSSMDEFYinCNGLNimSQVi^ 

TQLYHFFKSFQKKLFLPSVDLDSILQLTENELNRLPHYREIAFQLRVQSHGNIVKIHQVLESSIATFIV 

MDYYDRDLFTSIVDDKHFVNHGILIKKVFLQLCSALDHCHRLGIYHCDIKPENVLLDRNDNAYLCDFGL 

STKSKYLAPNVCVGSSYYMAPERILYCI.NTTTNGIHVDECCSSLPTDTGDIWSLGIILINLTCIRNPWL 

KAHQKEDNTFQHFAlTONNVIiKKILPISDELFTVLTKILQLNPYTRIDMKTLMSEVSS LTSFTREGPLSQ 

VPILSSEVYMTHIIRNENLFLSDLSHFSADQEQQQQQQQQQQQVQEQEQEQKQEQIQNQEQAQQQQEEE 

DAEPESDIPSTYNSDGSMEKYEYTNNHNNSTFLTSSMDSTPYQSDIDDVSASKDCKFQQDTLRNRLLCL 

QMNFSTLTDGPNEKWLPDY 

5. cerevisiae YDR247W (SEQ ID NO. 19) 

MMMFHNCRIN NYLITSQIGEGAYGLVYRALDIRTDRQYAIKAVVQSYQVSKEADMGITOKIHKNSVKLQK 
KLAKLFKESKNWRVPSIDLESIENMSEEDFKKLPHYKEISLHLRVHHHKNIVTIHEVLQSAVCTFIVM 
DYYPTDLFTSIVDNRHFVTNGLLVKKVFLQICSALNYCHEHGIYHCDIKPENLLLDTEDNVFLCDFGLS 
TTSTYIKPNVCIGSSYYMPPERISFDGRVSSSKSGGHKLGKVCPSCNGDLWSLGIILINIiTCIRNPWLK 
ADKTEDNTYYYFTKDPNILKQILPLSDDFYSLLSKILQVNPKNRMSLQELMKEVSS ITSFTNEGPLSKV 
PPLSKSVYEKFVSPVDNTNENLSPKSYVYMHDSKAAKNLSYTSSSEEEDGIKEGIDDDNGSRSGSFGTL 
DTDTGLHSSFTSTSCESDNECSKISNKFSLFEKKFNELRMSSSSLTN 



S.pombe RANI (gi|5689987) (SEQ ID NO. 20) 

MMRENPELLLGQVLGDS LRFVSIIGAGAYGWYKAEDIYDGTLYAVKALCKDGLNEKQKKLQARELALH 
ARVSSHPYIITLHRVLETEDAIYWLQYCPNGDLFTYITEKKVYQGNSHLIKTVFLQLISAVEHCHSVG 
lYHRDIiKPENIMVGNDVNTVYLADFGLATTEPYSSDFGCGSLFYMSPECQREVKKLSSIiSDMLPVTPEP 
IESQSSSFATAPNDVWAIjGIILINLCCKRNPWKRACSQTDGTYRSYVHNPSTLLSILPISRELNSIjLNR 
IFDRNPKTRITIiPELSTL VSNCKNLTRRLRPAPLVSSRYLAYQQQQQQQQMNLQQGIQGYPHQGYMPTQ 
NIGFPWPPTPQFVSNWNHCATPTIPVSLQVLTPNSSLKVDPTTPLTAPIHATESFWPSAAAAAAAVHNN 
ANSYMPITPTPYPNNAKIFGYPNQPPLTPIPFTGFVLHPAPVGRAADAVDPSRKSL 

S.pombe SPBC16E9.13 (gi|191 12587) (SEQ ID NO. 21) 

mkllqkkg ykverplnkqsygtwlahrlfrtprckdlkyaikcikkpaytflqevnilrqlsrsrhrn 
iihfvesfednvyyywleycplgdlyecilnnpfpnaknqpemikniflqiidgvahlhshgiyhrdl 
kpenfllslsedgselwkisdfglacrdkisydfgtgsdrymapeqfeevdgagyspraadiwalgic 
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LLNLIFARNPFTYPHEKDPIFADYMLDAMTLFDVFPTLSQDTYNVLRACLCVSPEKRSLAKTREAVLAV 

TKWTTDDEELESFWEEEEFRASDFMPAEDNVRCTQSDREPLRTPSVLTPANTIQRGLLPSKLPALSDV 
DENISTSSSPRSPASLAPVNNSERSYDSGLGESLNNMHIGKSIATAVPVNTKRSPYSCSAPAIVFPNSI 
KGNKDHLKFGRSWCDMDEEDEEDIVSFGSNDDFGASDELSSKHIGLADDWNVLSQWNDNS 

Pichia jadinii (gi| 1232 133) (SEQ ID NO. 22) 

MTHTD I TG S L I NE YRIVKLIGSGAYGLVYQAQNTVTGQQVAIKCISKKSNPSVKKQSDYLTTLIiAEmiL 
ERDFSLQGLREMSLKRLSMADNIPCPFVREISIHLQVHQHPNVISIHKILDSQVAVFWMDYYPEGDLF 
VNIVDRQVYARSSGLIKDVFIQLIDVISYCHSKGIYHCDIKPENIMCANKGSKWIGDFGLAVKSKYIQ 
SKTCIGSSYYMAPERLCTMNHSLTRLEYPACKGDIWSLGVILINFCCTRNPWMKACEKDATYSAFKKDP 
KILMEILDISEELWNILCDCFREEPEERISLFELRDRVLK CRSFTVAGPLSRCDSYEQDMDDALECAVP 
ANES S VGSNGSLDLPMDHI I E YAQYLQTLS S VKNTAAGNYTQNQFVLDNNIMDNVS IMSNKS FNMNFA 

Nectria haematococca (gi| 1256839) (SEQ ID NO. 23) 

MQHHAIFGYQTPPASPGFDNPKCTIQQPFAVPRHYPTRPLAPEERLGRVLEGT LQLTEILGTGAYGWY 
LAVDLKTGGKYAVKCLSKFNADGTQLEPRQFAYQQREIRLHWKASNHANVVQMLKIVNDPDCIYVILEY 
CPEGDLFLNITERGQYVGKDELSRNIFLQILDAVEHCHNLGIYHRDLKPENILVTDRGDTVKLADFGLA 
TSDDRSEDYGCGSTFYMSPECLDPSARKPYYMCAPNDVWSLGVILVNLTCGRNPWKQASFQDSTYRAYA 
GSKDFLKTILPLSDELNEILGRIFEPNPEQRITLNEL RTRIMACSRFTMPAVSPPTPPASPDHTTQYVS 
TEDAIIDDYDYDSPLSPASSSDDEGSLTSSGSTIDDLDDDFDQERQMPQTPPEYAPHAFDPEEPKEHQL 
lYHSQEFVPQKYSGPVPVPVQVPVGVPPQPMLCQPVPVPIQAPVPIQAPCQQHKSYFPIWDMVKYVQHV 
P ILQHHI PFHQQVPFMPTFQGCY 

C albicans (gi|7271026) (SEQ ID NO. 24) 

DLC YANS I I DYNELHLVLIDFGLAMDSATICCNSCRGSSFYMAPERTTNYNTHRLINQLIDMNQYESIE 
INGTTVTKSNCKYLPTLAGDIWSLGVLFINITCSRNPWPIASFDNNQNNEVFia^mdLNlIinCAVLSKILP 
ISSQFNRLLDRIFKLNPNDRIDLPTLYKEVI RCDFFKDDHYYYAQHQHHHNHNQINNAYNHYOKOPNOA 
RPTANQQLYTPPETTTYNSYASDMEEDEISDDEFYSDEEDEDIEDYEEEEEEYFGNEQQQQQQVTTVNG 
NFGQVKGTCYYDTKTKTTTYIKPPAAYTLETPSQSVEYC 



ELM family 

[00911 This family includes ELM1 (SEQ ID NO. 25), PAK1 (SEQ 
ID NO. 26) and TOSS (SEQ ID NO. 27) from S. cerevis/ae; SSP1 (SEQ ID 
NO. 28) of S. pombe; and orf.7535 (SEQ ID NO. 29) from C. albicans. 

[0092] SSP1 mutants show defects in cell cycle, cell morphology 
and osmotic stress response. The enzyme is also known to modulate the 
actin cytoskeleton. Overexpression of PAK1 reveals an interaction with 
DNA polymerase and hence with cell cycle or DNA damage repair. PAK1 
interaction with Tid3, a member of a centromere protein complex, may 
indicate a further role in cell cycle. ELM1 is required for the cytoskeietal 
changes underlying cytokinesis, bud development and pseudohyphal 
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growth in S. cerevisiae. Like members of the GIN4 family, ELM1 is 
required for proper septin localisation. 



[0093] The bold, underlined portion of each family member 
denotes its kinase domain. Accordingly, the present invention allows the 
skilled artisan to identify and classify newly-identified kinases from other 
fungi as belonging to the ELM family if the newly-identified kinase 
domains share at least 38% amino acid sequence identity with any one of 
the kinase domains of an indicated family member listed below. 
Preferably, the ELM kinase domain has a percentage sequence identity to 
a kinase domain of any one of SEQ ID NOs. 25-29, of 40%, of 45%, of 
50%, of 55%, of 60%, of 65%, of 70%, of 75%, of 80%, of 85%, of 
90%, or of 95%. 

S. cerevisiae ELMl (SEQ ID NO. 25) 

MSPRQLIPTLIPEWAPLSQQSCIREDELDSPPITPTSQTSSFGSSFSQQKPTYSTIIGENIHTILDEIR 
PYVKKITVSDQDKKTIN QYTLGVSAGSGQFGYVRKAYSSTLGKWAVKIIPKKPWNAQQYSVNQVMRQI 
QLWKSKGKITTNMSGNEAMRLMNIEKCRWEIFAASRLRNNVHIVRLIECLDSPFSESIWIVTNWCSLGB 
LQWKRDDDEDIIiPQWKKIVISNCSVSTFAKKILEDMTKGLEYLHSQGCIHRDIKPSNILLDEEEKVAKL 
SDFGSCIFTPQSLPFSDANFEDCFQRELNKIVGTPAFIAPELCHLGNSKRDFVTDGFKLDIWSLGVTLY 
CLLYNELPFFGENEFETYHKIIEVSLSSKINGNTLNDLVIKRIiLEKDVTLRISIQDLVKVL SRDQPIDS 
RNHSQISSSSWPVRNEGPVRRFFGRLLTKKGKKKTSGKGKDKVLVSATSKVTPSIHIDEEPDKECFST 
TVLRSSPDSSDYCSSLGEEAIQVTDFLDTFCRSNESLPNLTVNNDKQNSDMKTDRSESSSHSSLKIPTP 
IKAMIRLKSSPKENGNRTHINCSQDKPSSPLMDRTVGKRTVNNSGARKLAHSSNILNFKAYINSEDSDI 
RETVEDVKTYLNFADNGQI 

S, cerevisiae PAKl (SEQ ID NO. 26) 

MDRSDKKVNVEEVNVPSNLQIELEKSGTSSSVSLRSPTKSSATNLAGMAEGARDNASIASSSVDSLNM^ 
LERQRVRQLNHPQHQQHISSSLAKTPTTTSSFCSSGSSKNKVKETNRISLTYDPVSKRKVLNT YEIIKE 
LGHGQHGKVKLARDILSKQLVAIKIVDRHEKKQRKFFTFIKSSKISENDKIKREIAIMKKCHHKHWQL 
lEVLDDLKSRKIYLVLEYCSRGEVKWCPPDCMESDAKGPSLLSFQETREILRGWLGLEYLHYQGIIHR 
DIKPANLLISGDGTVKISDFGVSLAASSTNSSDSSESLDELELAKTVGTPAFFAPEMCLGEDAFTRYNL 
TKENLFRGSCISFMIDIWAVGVTLYCLLFGMLPFFSDFELKLFEKIVNDPIiKFPTFKEIQSNKVSKVSC 
EEEYEMAKDLLLKLLEKNPQKRMTIPAIKKHPFV SWDFDHVPENDEKLLSSVLEOKLRFOCNOTDnFl^P 
ISISKHELKNAVSGVGKKIKESVLKSIPLKDPSDLSNKNYLHPTETTRGRGDANVIVSEGSVLSNIKEL 
SANDGCLNTDSDTNININDDDHYSGDDNDGHLTKRELERELNKFDDKHEAGNMVNLPINSSFASLDSFY 
IDNFAMARMGMSSPEAGDSVSSVPNLPSAPSSTRLGRSPVFSGVTNQPSPIRPVLPQQKSSFCATGRYD 
KSHNSLLRNSSSHLTSYNSGRPSSRTGRMNSRNQNLPKIPNSLSKISTTKLTELRVPKDSEIPSPAKNP 
NADRLRRFPVKKNTKTPAIKDPPRININSSDKSGSKNSPIKSLYQRMKQSKDNSKTFEVRRGNFFSHFN 
GDDDDSSSQSSVTSSGSESDSELSSTSSSCTSGTQSRNSSNNNAYSETESLPFEFGVDSEDGSGVIiLRD 
LPNEDQIRPFLDIQPCRRMKVKSSLNLEPPSVSSSSSSSSDEDELILNVGTAGHRRRHNSSKLSELSNS 
PQKGSNNFMYSNGSVHDSETTITPQNNDDLTLHQALSRSQPISKPGPLVLPKRLDQKKATTETSNLTDI 
VEFNGNISTOHRKDKNFDKVLYSRDLLKDALSSTNAGRRRSIPSNKIRGRKDASITMSTNVGNDEHARNTS 
CHGDKGQENGAIKQRTHERSRSLTVAELNEEKRRSALP 
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S. cerevisiae TOS3 (SEQ ID NO. 27) 

MVLLKEPVQPLPRSSLLYNNASNSSSRIKETRKVKLLYNPLTKRQILlSn ^FEIIiATIiGNGQYGKVKLATO 
LGTGALVAIKILNRFEKRSGYSLQLKVENPRVNQBIEVMKRCHHENWELYEILNDPESTKVYLVLEYC 
SRGPVKWCPENKMEIKAVGPSILTFQQSRKVVIiDVVSGLEYLHSQGITHRDIKPSNLLISSNGTVKISD 
FGVAMSTATGSTNIQSSHEQLLKSRALGTPAFFAPELCSTEKEYSCSTHEIWSLGVTIYCLLFGKLPFN 
ANSGLELFDSIINKPLEFPSYEEMLNGATSGITMEEYTDAKDLLKKLLQKDPDKRIKLADIKVHPFM CH 
YGKSDAASVLTNLETFHELKVSPPSSCKRVELVSLPVNSSFASLDSVYMENFDHNNLRTGADRNSTYSP 
SIYDANTLSPSAYHNIGSRESSYSSFSSFTSSTAFASQISIQDAPAIGDQQCLIGESGSSLRVNSCEFP 

QYTTMSPVGEYPFESTEASLSSTLTPVGNVPQRIKAHLVEGKSNSKDDLRIEADASLVFEASDAQRTRR 
RMSIjYKL 

S. pombe SSPl (gi|19075860) (SEQ ID NO. 28) 

MGSVNNEEKTLIEPQRLLRKNTWHPEVDDSEVPPSVFPEYPVHKAIQKTSDSFRKRNYSAGDYVIAPLG 
GEREGSSLTHSWTFQPGKHNQRLYSDNFQEAQRQWKRLQEWGEVKETKKIRKRFDRFSGRKYINH YEII 
KELGRGMHGKVKLGRDTVTRELLAIKIIPKTERRPKLGRANASSQKEKVRREIAILKKCVHPNVVRLRE 
VIDDPSSTKVYLVLEYMSGGEVPWTDCDSPVLSISEARQYFRDWLGLEYLHYQGIIHRDIKPANLLLN 

ssncvkisdfgvsyianaglnedndvelaktvgtpaffapelcwtdldrprpkiseaidvwalgvtlfc 
llfgrcpfnasmeyelfdkivnerlnipstpdigeegrdllkrllckdpeqritlvevklhpwt ldglk 

dpekwlqntdpstvsrvevstdevasaislvgrlrrklgklfrfrrpkarvfdssssvpsdssicrpes 
sgnssiglsaselsdsfnrlavnesqkdrerkqvhpvemgrnssekkprcdfgwdyeafpndnqdadda 

CS YNTGDS I PQVSKS INGHFETYSRTSMDTDDVASFESPNAKHEESGMPWTFRNYENYDANPSNFHPV 
VPGFVSSPNLHLAGGSDTPIYCIEHSFTPTN 

C. albicans ORF.7535 (SEQ ID NO. 29) 

MSTSLSHQELSTEKGQSCPPIPDSNPLNPKSPALRTTSNSTILNSPIETINVNTSSKSNISGESTINGS 
AYSNSTTWQPEVFGEAHTTTSTHNSASTRTERNEFPNSHLHQHQQESRNNGESNTPMTSPKHFPTDDL 
RHSLFYKAGSAAHHKSATSSKQSSTTSLKDGLNNANTYHFQNTFLDNNVMSDLEESPVPNERNPIQDTG 
LGPRSHATKFGVQSTTSLPTTISQSRLPNSNKSSFFPFKSYTSSPVKETKHVFLEYDPITRRKVLNTYE 
ILREIGKGEHGKVKLARDLINNELVAIKIVNRKSRKERPSLRMRKNSSAPVINEYELKVKREIAIMKKC 
RHKHIVALREVLDDLNSLKIYLVLEYMEKGEIKWKKLQSDVAKPTANKCYDANDNEIPCCGNGRMQQRQ 
QSLLTDEDLLSNEFSPNLTFKQSRKIFRDVLLGLEYLHMQGIVHRDIKPANLLVSADNIVKISDFGVSF 
ATSLAENDEGYLVNELDLAKTAGTPAFFAPELCQFDDETATEKLSSSTESMAPPKIDYKIDIWALGVTL 
YCLLFGKVPFNADTEYDLFQVIVKEPLKFPNSIKAFNPPATVTEEEFELAKDLLSKMLDKNNRTRIEIQ 
DIKEHPFTLMDLDNDVDGLHELFHLNGDNPVEPLSFDLDEHDIVSKDEVDNAVIGVGARIKRSLVRAIR 
AGGLKDGEIRNKFAALQLEHSRSENSEESSSGYSNYSSSTRLLGYQNGQNYSMILSEGLPVSSATPPPA 
LLAAQQKRSSLLSPKSGGISEKNNPHFPSSLAHQIPNTSSPSTCSSSTSMAFQNHFSFAGMRESGKSL^ 
HDMIESNSNNSSRRGSSAGITVSEAPQIETKRNVGGDLYLKNQSWETFKGIQLQDDKRRRSSIFSLHS 
QIGTNSNKSSLSHELTPTQTGSGASTQQQHQHYSTNYSNIAAPIPVPAPRKQSTSDNEQDIKAPLLHQE 
KNVMGKPYLKIGPISIAREDEKSADDHPDSSIISLPLSESFASLDSINDDYLSRKYEEYTNNRKENSKS 
EGNVPVISLRRKSSLSESDLTRHVQLKDPFGKFKPDGSEIAEKFKAFNLGNLMKTGGKFALAEHNSSDS 
QQIKGNNYQSSDDGIAPKAIVPAISYSSSDSYSSCSSSSFDDEDESDDDEENLTLAFQSKVAPISRANF 
LSLTGRAKSHDSNLPTLRQNREKGRQLNPEFQGPIIFHDGLPEFEDVPDGLINSNPIGNNNVNGNSAFN 
SGYSYYDNVNPTWSSNVSTATLTMGMAPSESVETNVEAPAQENAVKVSSPLNPHKNTSSRSDILKDLK 
KNTSISFGEILFNDQFNNHYKKDPVYSPFPSAKHLDNDQETIVKESASKFHEHRPTYYRSNSVTIGLLH 
RSTHREDDDDVSQTGNDLEQLITKEKQG 



HAL family 



[0094] The HAL kinase family includes 7 genes from S. 
cerevisiae HALS (SEQ ID NO. 30), KKQ8 (SEQ ID NO. 31), NPR1 (SEQ ID 
NO. 32), PRR2 (SEQ ID NO. 33), PTK1 (SEQ ID NO. 34), PTK2 (SEQ ID 



38 



Atty. Dkt. No.: 038602-1613 



NO. 35), SAT4 (SEQ ID NO. 36), YDL025C (SEQ ID NO. 37) and 
YOR267C (SEQ ID NO. 38). Since many are involved in transporting ions, 
protons and small molecules, they are intrinsically responsible for 
generating responses to environmental stress, e.g., to salt, pH, and 
osmosis, toxins and drug resistance. For instance, HALS (SEQ ID NO. 30) 
and SAT4 kinases are involved reponding to changes in salt and pH, in 
conjunction with activated potassium transporters. The PTK1 (SEQ ID 
NO. 34) and PTK2 (SEQ ID NO. 35) HAL kinases are used in polyamine 
transport, in part by regulation of proton pumps. YOR267C (SEQ ID NO. 
38) regulates the PMA1 proton pump. PRR2 (SEQ ID NO. 33) may be 
involved in the pheromone mating response. Other, non-S. cerevisiae 
HAL family members include the SPAC29A4 (SEQ ID NO. 39) and 
SPCC1020 (SEQ ID NO. 40) of S. pombe and gi| 38501 40 (SEQ ID 
N0.41) and ORFxl (SEQ ID NO. 42) isolated from C. albicans. 

[0095] The bold, underlined portion of each family member 
denotes its kinase domain. Accordingly, the present Invention allows the 
skilled artisan to identify and classify newly-identified kinases from other 
fungi as belonging to the HAL family if the newly-identified kinase 
domains share at least 30% amino acid sequence identity with any one of 
the kinase domains of an indicated family member listed below. 
Preferably, the HAL kinase domain has a percentage sequence identity to 
a kinase domain of any one of SEQ ID NOs. 30-42, of 60%, of 65%, of 
70%, of 75%, of 80%, of 85%, of 90%, or of 95%. 

S. cerevisiae HALS (SEQ ID NO. 30) 

MGDEKLSRHTSLKRARSLSESIKGLFKPSGISGSNNAAAPSSRPGQDQAHSHQTARIITSNVSSPSISP 

VHSPVLQAAPKHHKLGVPNIAKLSLSPSREPSLNSENEMFSQESFISEKDEDEANLLEREDLQNKKEEK 

ARAKHVRSKEAYVPHHRYTVGSDEVERQPRERLKNFPQNAGSSNPANSNAiraVLDQElJmFSIDAMLDY^ 

EESKLRRRNSLGVI^mSNRTRSRKNSLSTPRSPPMKNGNGGMNSNAT^^NVGNGTGNRIYMRGRN^ 

SASSLPKFQEIECKCILDLGHFKVFENGYHEHSLRVLPIITNNKNVDSGDEKDADASVNSGDDGDNDSE 

ANMHKQKSVFSLSGLFKSHKDGNQQQQQQQQQEENGEQINLEKAFSIIPSQRFIKSQTLKKSRTSNLKN 

GNNDELMKITOGKNIPQIVNPNAAVGVEELKLINALSEKIRKGLKSENTKGNNGEGRSNSNKQEDSDDTE 

GKAGTTNDDTSHKPCSQK YGKSIGWGAGAYGWKICARCKTAKDVLPYSTYSNGKKLFFAVKELKPKP 

GDQIDKFCTRIiTSEFIIGHSLSHPHFEANAMIAGNVSRTTPPKHVFNAPNILKILDLMEYSNSFVEVME 
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FCASGDLYSLLTRNNISNESNNQSSRLIQTVKEGSGSPLHPLEADCFMKQLLNGVQYMHDHGIAHCDLK 
PENILFQPNGLLKICDFQTSSVFQTAWEKHVHFQSGAMGSEPYVAPEEFIRDAEYDPRLVDCWSCGIVY 
CTMVMGQYLWKIAIPEKDSLFKSFLSEIKDDGQFYLFEELRHVSSEIiNRLRKIALYRTFQVDPTKRITI 
EQLLQS SWM RKTKCCWYRHLHTKVS K 

S. cerevisiae KKQ8 (SEQ ID NO. 31) 

MMDSKTLTASMVMQEEKKRQQPVTRRVRSFSESFKNLFRPPRSRDSSPINVTRIPYRSSSTSPKRSSEP 
PRRSTVSAQILDPKNSPIRQRSYTLKCCTPGLSHPFRQTGSGASNSPTRHRSISGEEQEIVNSLPEYKR 
SASHTFHGIRRPRSRSSSVSSCDSSNGTTSSSDSQWAMDSLLDDSDNDLTPYRGSNKDILKSKDRAPYN 
YIDDYNKKALRRATSYPNPLPSKQFYNERLYTRRSHPDEESLESLPRFAGADVQCIIEQNGFKVYEDGS 
HEHNIKLSGVIAKLEKGNSLPAHRQGSLSRPRLGITLSGLFKHHKNECDIENALSLLPNVEKSQTNHEK 
RTGQSPNDSNRSSPTQGREDYDKIVNPDASLGSDELKLINSLSSRIHKSLQNYLQEKNIiKPAECIGEQA 
PTFQDN YGHPVGLVGAGAYGEVKLCARLRNEKDSPPFETYHDSKYIYYAVKELKPKPDSDLEKFCTKIT 
SEFIIGHSLSHYHKNGKKPAPNILNVFDILEDSSSFIEVMEFCPAGDLYGMLVGKSKLKGRIjHPLEADC 
FMKQLLHGVKFMHDHGIAHCDLKPENILFYPHGLLKICDFGTSSVFQTAWERRVHAQKGIIGSEPYVAP 
EEFVDGEYYDPRLIDCWSCGVVYITMILGHYLWKVASREKDMSYDEFYKEMQRKNQFRVFEELKHVNSE 
LATNRKIALYRIFQWEPRKRISVGKLLDMQWM KSTNCCLIYDST 

S, cerevisiae NPRl (SEQ ID NO. 32) 

MSSLTRLLQEKRKNETSNSSPRTSADTLTTTPESQSLDLHSRNKSSSHIGSVSNSSSSDRNRANVPVPG 
SVTTVTQIYSEEDSSSTAGSSLDDRNQFSSSFLNANFAHTASFYGTSAQSRDRFGSLINDQGTAGLSSH 
GGSFAAQNRITSRLSTTSHTSGRAIPSLSSSIPYSVPNSNKDNNSSNSNSSSLSSSWLETYAGGMPNNI 
THESNVISSPKVDSVEPRFVISKQKLQKASMDSNNANATQSRSISRSGSFSSQLGNFFFSKNSKESSNS 
NSAGMSFSANSNGPSPNIKNPNVTNGSTPIPKPIRARQSSIYSASRQPTGSYTDNFYGSPSSVHDHLPP 
SQSVPRSQHSSIGDLKRFFKKSSNSNLSSNSNNVIPNGSPLSSGIAVPSHSHSSSHFAAGNNSYSTSYN 
GNGDTIYSHSHGGSGIPFSKR YIKTGADLGAGAGGSVKLAQRISDNKIFAVKEFRTKFENESKRDYVKK 
ITSEYCIGTTLNHPNIIETIEIVYENDRILQVMEYCEYDLFAIVMSNKMSYEEICCCFKQILTGVQYLH 
SIGLAHRDLKLDNCVINEKGIVKLIDFGAAWFSYPFSKNLVEASGIVGSDPYLAPEVCIFAKYDPRPV 
DIWSSAIIFACMILKKFPWKIPKLRDNSFKLFCSGRDCDSLSSLVTRTPDPPSYDESHSTEKKKPESSS 
NNVSDPNNVNIGPQRLLHSLPEETQHIVGRMIDLAPACRGNIEEIMEDPWI RSIDMCHIiVEDGLSFKW 
RGEDHHHTQVDQSEAHIAGLEKKKKKQNNQ 

S. cerevisiae PRR2 (SEQ ED NO. 33) 

MSLSRILRYNQRNNKTTASLTAEHAYSDNWAYSVSLGDPTSVGVNMAAKTGEALNKSYDSVFSSLPVAD 

svprtdftassrddentdvqklttswmekidtkmpeniskidsniisspmvskvearfivpkgriirkns 
tdftssfsnslslpksygklifftskkijssstkknlandisdnkhnnnssntighnipvttatatcdei 
actsteheynvyeeermfttrvysledsvsslstnplddtyseavqvntrhiedtestahirkhsytts 
lssikrlfkitsfsnnnsnscdhqestvaddcaissslkettsspvstgsfslmienedsdrdqiiqal 
ysn i e as tdlvs rky rdldwlgegsggkvklvqrvldnkvfalkeyrskkkreserkyikniiseyci 
astlknpnicetleilyekgkifqileyceydlfslvmsekmhyeeicclfkqlingvkylhdiglsm 
dlkldncwtrrgilklidfgassvfhyplssqmieangivgsdpylspevfyfneydpraldvwsvqi 
iffcmitrrfpwkypkvkdvqfkafcsgrgvssfkdlvtrpatddsnnydndgyeegvidmgpnfilhr 
lpeethkimrrilevspfrritingilqdgwi keietcqwgaaspneaslriinkgnhihtnidqrya 

HIGGLHQRT 

S. cerevisiae PTKl (SEQ ID NO. 34) 

MTVSHNHSTKISQQPISSVSAFKFFGKKI.LSSSHGNKLKKKASLPPDFHSTSTNDSESSSPKLPNSLKT 
SRRANSFAHTTNSKRSLSSASTKILPPAGSSTSISRGNRHSSTSRNLSNSKFSSERLVYNPYGVSTPST 
S LS S VSTSMKKDPDLGF YLHDGDS KIRMLP I P I VDPME YLPDEMKEAS IQLSDNFVFDDENKTIGWGGS 
CEVRKIRSKYRKKDVFALKKLNMIYNETPEKFYNAAPKEFIIAKQLSHHVHITNTFLLVKVPTTVYTTR 
GWGFVMELGIiRDIjFAMIQKSGWRHVALAEKFCIFKQVACGVKFCHDQGIAHRDLKPENVLIiSPDGVCKL 
TDFGISDWYHHGSTRPVQPCQEVRRDDRLAPYAPPEVMFYDSKKHYDTELQQPYDPRALDCYGLGIILM 
TLV NNVIPFLESCSFDTGFRDYCDAYENFIRLHDRAFRNRATTARGRRWfiTTWT.KTgPTnMm.ZiMwr'riQ 

LTQKPPPATPSTTSSKTHGSKELRLVLMPTTNMCVRNLLSKPLRTRIRGVSISLQMLLQPHPPQTHSLR 
TESPSGQW 
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S. cerevisiae PTK2 (SEQ ID NO. 35) 

MAGNGKDKEVDKSPSVSTLKLLGKRLFNSSSHTDNSSLLLSAEQLGNGRSLRKRPTSPSISGSGSGGNS 
PSSSAGARQRSASLHRRKNNASVGFSNGSVSSHKSSVALQDLIKHNNNPYLNSPSDILGTGTGIASTRD 
RDRAVLDREKJEKERARNKERNTHHAGLPQRSNSMASHHFPNENIVYNPYGISPNHARPDTAFADTLNTN 
KENDLSFYMHDGNSKIRMLPLPIANPNDFLPEDMKQYSVHLTDNFVFDTD NKPIGSGGSSEVRKVKSSY 
RQKDVYALKKLNMIYHESPEKFYKRCSKEFIIAKHLSHNVHITNTFYLLKVPTTTYTTRGWGFIMELGV 
KDLFQLMERTGWKNVPFNEKYCLFKQVAQGIKFCHDNGIAHRDLKPENVIiISKEGICKLTDFGISDWYH 
VIPHDYTSPVKTCQGMIGSPPYTPPEVMYFDAKKHYPEKFQKPYNPLAMDSYALGIMLITMINNIIPFI 
DSCNTDARFREFEVSYDNFINHQNPHFRDKGCHKPGPGSEYSLARNFKNTDATRIAWRIiADPNPATRYT 
MDDLFNDPFF QQIETCVEPNDDDLVRVPELRKSTSTNDFSENSLDAPHDQEVIHTSNPFLKKETLTSKP 
RSMLE I AES PSLKQKS KVKDS AKTKTHDVGDEGGNESTKPKQQDKKENLKKDEVKNGDKDKVIEEATTT 
NVDSILEKPTPTSTKVEDNLSEDDSTMKELKSMLNSTPTTPTHNGPTPLPAKAGTQLDKRMSDLSLKSE 
TPASTKNFSAPNVSSSSNSLRSLGSPSVSSSKKKKVIHHHLDITNSVTNMSSVSAFISR 

S. cerevisiae SAT4 (SEQ ID NO. 36) 

MTGMND^FNAAIPQQTPRKHALSSKVMQIJFRSGSRSSRQGKASSNIQPPSNINTNVPSASKSAKFGLHTP 
TTATPRWSNPSNTAGVSKPGMYMPEYYQSASPSHSSSSASLNNHIDINTSKSSSAASLTSSVSALSLS 
PTSAINISSKSLSPKFSHHSNSNTAITPAPTPTASNINNVNKITNTSAPICGRFLVHKDGTHEHHLKNA 
KRQEKLSTMIKNIWGASKLRGEAKSAVPDIIMDPKTTLKSNKNPPTLFAGFMKQVVDMDDKYPEGAPTS 
GALNCPERDIYRSDQKDSKNNTHNITTTKKDRQCFAEKY GRCQEVLGKGAFGVVRICQKKNVSSQDGNK 
SEKLYAVKEFKRRTSESAEKYSKRLTSEFCISSSLHHTNIVTTLDLFQDAKGEYCEVMEYCAGGDLFTL 
WAAGKLEYMEADCFFKQLIRGVVYMHEMGVCHRDLKPENLLLTHDGVIiKITDFGNSECFKMAWEKNIH 
LSGGVCGSSPYIAPEEYIKEEFDPRPVDIWACGVIYMAMRTGRQLWSSAEKDDPFYMNYLKGRKEKGGY 
EPIESIiKRARCRNVIYSMLDPVPYRRINGKQILNSEWGRE I KCCHNGRALK 



S. cerevisiae YDL025C (SEQ ID NO. 37) 

MVKETPLHSSSSTSLSSLFRPTKLKNLSAKIFNGGGNQSYSKTDDVSRSSSRSSKKNTDSDQEDQIKYN 
KPNDRRSTIGKSPQGNGALSKESHWASSTLTGISPTSAKKAPIDYSPSRPLPNNHNPVRTGHTVPHLP 
HSIHNPINYIHQGSKDAFHHPHPVRSTAHSNISTVSSAKSDTPSSNLSYQAHMHPVEILQKQIEDKHFM 
DSQASTPGSVELQHNSSSGSDDTSSRKKKSLRLTRFFKKIHNDYHDNHHHHHHHNRGSTPTKPKLNLNT 
NENIVESNGKALYETDNPVELLEKY GIPGRKLGEGASGSVSWERTDGKLFACKMFRKPHLNNEGTNQS 
QLANYSKKVTTEFCIGSTLHHENIVETLDMLTEGDTYLLVMEYAPYDFFNLVMSNLMTQDEVNCYFKQL 
CHGVNYLHSMGLAHRDLKLDNCVVTKDGILKLIDFGSAVVFQYPYEDTIVKSHGIVGSDPYLAPELLKQ 
TSYDPRVADVWSIAIIFYCMVLKRFPWKAPKKSFNSFRLFTEEPEDEDDIVRGPNKILRiiLPRHSRTII 
GRMIJU;iBPKQRVLMNDVVKDDWIiVSVPSCEVDPTSGDLVEKPKimKHHLVTEEELNELTKQHGNKDSN 



S. cerevisiae YOR267C (SEQ ID NO. 38) 

MPNLLSRNPFHGHHNDHHHDRENSSNNPPQLIRSSKSFLNFIGRKQSNDSIiRSEKSTDSMKSTTTTTNY 

TTTNLNNNTHSHSNATS I STNNYNNNYETNHHHNI SHGLHDYTS PAS PKQTHSMAELKRFFRPS VNKKL 

SMSQLRSKKHSTHSPPPSKSTSTVNLNNHYRAQHPHGFTDHYAHTQSAIPPSTDSILSLSNNINIYHDD 

CILAQK YGKLGKIiLGSGAGGSVKVLVRPTDGATFAVKEFRPRKPNESVKEYAKKCTAEFCIGSTLHHPN 

VIETVPVFSDSKQinCYYEVMEYCPIDFFAVVMTGKMSRGEINCCLKQLTEGVKYLHSMGLAHRDLKLDN 

CnyMTSQGILKIiIDFGSAWFRYPFEDGVTMAHGIVGSDPYIjAPEVITSTKSYDPQCrsnJIWSIGIIYCCM 

VLKRFPWKAPRDSDDNFRLYCMPDDIEHDYVESARHHEELLKERKEKRQRFLNHSDCSAINQQQPAHES 

NLKTVQNQVPNTPASIQGKSDNKPDIVEEETEENKEDDSNNDKESTPDNDKESTIDIKISKNENKSTW 

SANPKKVDADADADCDANGDSNGRVDCKJ^SDCNDKTDCNAimDCSNESDCNAKVDTNVNTA^ 

VPQNNPQQQQQQQQQQQQQQQQQQQQHHHHQHQNQDKAHSIASDNKSSQQHRGPHHKKIIHGPYRLLRL 

LPHASRPIMSRILQVDPKKRATLDDIFITOEWFAAIAACTMDSKNKVIRAPGHHHTLVREENAHLETYKV 



S. pombe SPAC29A4 (gi|2239225, ortholog of SAT4) (SEQ ID NO. 39) 

MGEKDKLHEISSKFASLGLGSLKSTPKARETTEPPPPSSQQPPSTPNGKEAASPSALKQNVRPSLNSVQ 
QTPASIDAVASSSNVSLQSQQPIjSKPWSSKPNQTTAMPPPSNNPSRHVSSTSNKPAAVSPNPAAHHAE 
LPSGSVPPSASVSRANSTATTTPHKAGWSNPAAANVHVLSVAASPNPSTPSNGPAPVSTTATPSRNPV 
TRLQRIFSQNSVSRQNSRTGRGAAVANTEETNSTGGSETGGAANSSSTSNPSSAKWSRFTVYDDASHTH 
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qlrparrqeklgkmlkdflagnskkreeeriakeaadaqhqlslvqswingygqekladkkdpakvsas 
fvek ygrcqevigrgafgwriahkvdpqnsgsetlyavkefrrkpaesqkkytkriitsefcissslrh 
pnvihtLdliqdgkgdycevmelcsggdlytlimaagrlepmeadcffkqlmrgvdylhdmgvahrdlk 

PENIiLLTVSGSLKITDFGNGECFRMAWEKEAHMTCGLCGSAPYIAPEEYTESEFDPRAVDVWACGVIYM 
AMRTGRHLWRVAKKSEDEYYSRYLMDRKNESGYEPIEMLERSRCRNTIiYNII.HPNPTYRLTAKQIMKSB 
WVRS ITIiCEAGNAGL " 

S, pombe SPCC1020 (gi|3130053)(SEQ ID NO. 40) 

MSVTPPNVQFNLNGDSDHKSDNSSSSLENKLDTELKITSPPRNPPQRLHPVDFSEIIADTDDDMNHPLPR 
VQSPVHIKNHIDPKLAEDRYRSSAARHFEPISIPPSAITSEDEDDYHGSANSSTVLPPRTENALHAASP 
KPSGSTGYTSPALSQNSGSGGEGESDEGSFNTQHHRSPIFQAYPSSEDLVGDPNDPYRRTRRAPIKTNP 
HDIPSQFIFRKLGLHHGKHGHHGHSGSLSLKSLVPNHHDKMDKHDKHEKHHSSLDLRRFFKSHQKTDKE 
KKPSVSKSKSSANLQDDHFGLFKKY GKFGRMLGSGAGGSVRIMKRSSDGKIFAVKEFRARRPTETEREY 
ARKVTAEFCIGSALHHTNIIETLDIVEENKKFYEVMEYAPYDMFSIVMSGKMTMPEVYCCFKQLLSGVA 
YLHSMGIiAHRDLKLDNLWDSNCFVKIIDFGSAWFKYPFEADIVEATGWGSDPYLAPETIjVRKLYDP 
RAVDIWSSAIIFCCMALRRFPWKYPKLSDNSFRLFCMKQPSNDAESPSDILADIKKQRLVEQGCEPI^ 
TDESHSPNSKTDNSSTHKQEIiYGPWRLLRLLPRETRAVIAHMLELDPVKRYDIHRVFADNWI NDISMCH 
MENGKVIHSPTHVHNLVASEESPAPPAKH 

C. albicans (gi 3850140) (SEQ ID NO. 41) 

MTKEHSIRNIFKKDKTPDNGSATATPSSSHTGLSKLFHKESKPITPPMKRTPSVSSLKRRNTNPSQTSG 
ISLNHNHHHHQDSQNHNDATTSGGNIHSSTPVNRSRSNSDRLGHVPPTGRKVLSKAETFTHLQQLDTRN 
AAKNQLRNHRIPSNHLSSPLSAAPHSDKIVYNPYGLNKTATQERPKNTSFYLSGVNDGERVLSNPVASP 
NDYLPAELQQQHVNLLED FEIDVGTKKLGDGGSSDVRIINSCHHKKDLYALKKFTLLSKETDEDFYKRV 
SEEYKIHRIC?U\ISRHVVDAFAILRIQSQSNLTRGWQMVMEFCGGGDLFSVIVKPGWKSTPLAEKYCLFK 
QIAYGVKFLHDHDIVHRDLKPENVIiLDANGLAKLCDFGVSEFGHEVPEDFSSPVKLSTAYVGSPPYAPP 
EVMLLKEKSSTEIKAFAYPPFKMDCWGLGMLLFCIiVYGGVPFQQSSPNDHAFRDYKFSHKRFCTDHHTF 
KSNQGYPRGPGSEFKLAAKFENNGASRVAWKLCDPSENTRYTMDMLFDDPWF QSVEMCIYESPDQEVNP 
FVLPGTGENIDTHSVSGYSSVNNSQAPSRRGTFTSRPVGSGAGSGYNSHDESSNGLSSSFRSMLDLKDI 

pqkitktdepiipsnssvhsndsssarakskldhpsspgsllspstpalqsipadrvaqttspinaslpa 
veesdieheseseiqgdetessglqvlppiddwaaspsslthepqeqvldsvescislppnrdqafag 

KDGEMCS LVDLKPAALKS ATDLQLGADGMCNLGYKI KKHHHTE VSNVSNS SRR 

C. albicans ORFxl (SEQ ID NO. 42) 

MSSLTKLLHESTSTLASPVLSRNTSEVTFKDQGRRTPEILNISDTVDAKSPGITIDVSKPKPSPIDTDG 
MNVEPQAVHGFDPSPNTKVSFSSPFSPTSPFTRQSSNSFSSNQAFQNTRGAVASPRYIKNNSVSHSSVF 
MGGESLSSSIPYSAPGGGRGNPASHSGNTGSLQRENSFSSLNTSDSNSSAHIPNLPNGQPINSIHIQSP 
QVSASSIDSRFWSKQRIAQAQAQASLSSSQRSNSQSGLSFFFSQKSKPAVKRDSTTDLGAFYNNSYQD 
RDAPIVSGSPNSLSSAESTVSYGSSAPTRHNSMANLKRFFKKSTPTTSQPVGTSNLSSSLRSASSGASG 
AMNIPNSLNGQTNNGYQSPSSFSASTSNTSYSQSPGTNSSSVTRSSTIiQNKVNYHERRQSVSGIVNNSQ 
QLPFSKRY HSKNAESLGAGAGGSVRLLTRVSDGLTFAVKEFRAKYQNESKRDYAKKITGEYCIGSTLKH 
PNIIETVEICYENERIHQVMEYCDFDLFAIVMSNKMSREEINCCFKQILAGVHYLHSMGLAHRDLKLDN 
CV'IDKRGIVKIIDFGSAVVFSYPFTKTLIEAQGIVGSDPYLAPEVCVFNKYDPRPVDVWSVAIIYCCMM 
LKKFPWKVPKLSDSSFKLFASRGEFIPISEMLKKTPNDMEKSNSNGSSGGGLSNI.EDISEALEDEITAG 
AKQKPSTTGQNGATANGKDHTSSETGANRLLLALPEDCRRLIGRMVEIiAPACRITIDBVLNDSWL KSVN 
MCTVEESSPGVFEVIKCEDHEHTQVDQSKAHIAAFEKNKKK 



[0096] DNA encoding any one of these kinase domains or full- 
length sequences can be cloned into an expression vector and expressed 
in a suitable expression system. The resultant kinase protein can then be 
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purified, tested for kinase activity and then exposed to test compounds to 
determine if that activity changes, in particular if the kinase activity 
reduced. Similarly, a gene encoding any fungal kinase that has the 
indicated sequence identity across its kinase domain, with one of the 
above-described fungal kinase family members, may be Isolated, 
expressed and also used to determine which test compounds modulate 
kinase activity. Such compounds can be used to Inhibit fungi and can be 
used to treat fungal Infections. 

[00971 A fungus that contains a kinase having a sequence of any 
one of SEQ ID NOs. 1-42, or that contains a kinase that has a minimum 
sequence identity across Its kinase domain, may be exposed to the test 
compound(s) to determine if inhibiting kinase activity has a biological 
consequence, such as death or retardation of growth of the fungus. 
Accordingly, a test compound used to target a fungus containing a kinase 
classified to one of these families, should not have any effect, i.e., a 
modulatory. Inhibitory, or deleterious effect upon kinase activity In a non- 
fungal organism. 

[0098] In general, determining kinase activity is a well known 
method In the field to which the art of this Invention pertains. Indeed, 
there are many kits, reagents and products available commercially that 
perform this type of assay. In general, it is possible to determine the 
extent of kinase activity by determining the rate, level or ability of the 
kinase to phosphorylate a substrate protein. Determining phosphorylation 
levels and patterns of a kinase is well within the capability of the skilled 
artisan. Such a test can be performed on an isolated or purified kinase or 
from a preparation of lysed fungal cells. A control kinase, such as that 
from a non-fungal organism, can be tested alongside the target fungal 
kinase. Ideally, the phosphorylation pattern and levels of the non-fungal 
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kinase substrate is unchanged after exposure to a test compound, while 
the fungal form is altered to reflect reduced or even abolished kinase 
activity. The art is also replete with techniques for determining the 
activity of a variety of kinases. For instance, there exist assays for 
determining Src-family protein tyrosine kinase activity by measuring the 
consumption of the exogenous substrate, enolase; there exist protein 
kinase C assays, histone kinase assays, and in vitro kinase assay 
protocols. An in vivo kinase activity kit is available commercially, through 
Clontech to determine the activity of kinases in signal transduction 
pathways. A compilation of kinase assay protocols is available as of June 
7, 2002, from the website, 

http://bric.postech.ac-kr/protocols/general_methology/general_protocol_42 
■html. 

[0099] Very generally, the amount of a radioactively-labeled ATP 
molecule, e.g. [gamma-32P] ATP, that is recorded by a scintillation 
counter, for example, after a kinase reaction with substrate is used to 
indicate the activity of the kinase. The specific activity is typically related 
in cpm/pmol and when assaying a purified kinase, the catalytic rate is 
best expressed during its linear range in mol phosphate transferred from 
ATP to substrate/min/mg of kinase. Highly active kinases transfer on the 
order of micromol phosphate/min/mg of kinase. Indeed, U.S. Patent No. 
6,399,319, describes a protein kinase assay for identification of 
fungicides, by exposing the kinase to a phosphate donor ([gamma-33 
P]ATP) and substrate. The amount of radioactive phosphate measured 
after the reaction is terminated is an indicator of kinase activity with and 
without the presence of a potential candidate fungicide. 

[0100] There exist, therefore, several established assays that one 
may employ to determine the extent, if any, to which a compound has 
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antifungal properties. For example, one may screen compounds for their 
ability to eradicate or slow down the growth of a fungus in culture, by 
staining the fungus or measuring the density, or concentration, of spore 
formation after a period of incubation with a test compound. 

[01011 Accordingly, a method of identifying a compound having 
antifungal properties, may comprise (a) culturing a fungus sample that 
contains at least one of SEQ ID NOs, 1-42; (b) treating the fungus sample 
with a test compound; and then (c) determining the level of activity of the 
fungus in comparison to an untreated control fungus sample. An 
antifungal agent would be one that brings about a decrease in the level of 
fungus activity (measured by activity, viability, growth status or amount 
of fungus) of the treated fungus. 

Chitin-stain antifungal assay 

[0102] Chitin is typically present in fungal hyphae and, therefore, 
is a good indicator of the abundance or growth of a fungus. Thus, 
staining for chitin levels is a quick and convenient method for determining 
fungal growth in the presence of a test compound, i.e., a potential 
fungicide. 

[0103] Accordingly, one may use a iodine-potassium iodide 
solution (2 gm Kl in 100 ml water and add 0.2 gm 12) in 1 % sulfuric acid 
to stain for the presence of chitin in a cultured fungal sample before and 
after exposure to the test compound. Typically, a high concentration of 
chitosans stain dark violet, whereas lower amounts stain light blue. With 
this particular assay, however, cellulose may also be stained. For this 
reason, if necessary, cellulose can be removed by flooding with 
Schweitzer's reagent (saturated copper hydroxide in ammonium 
hydroxide) prior to iodine-potassium iodide treatment. 
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Agar dilution antifungal assay 

[0104] Another assay for antifungal activity is described in 
United States Patent No. 5,837,726. In that document antifungal 
properties were determined by an agar dilution assay on microtiter plates. 
This assay monitors the growth of fungal spores In the presence of a test 
substance. In short, a spore preparation of a fungus is prepared by 
streaking out spores from a fungal stock suspension onto an agar plate 
for germination. After incubating the spores for 37°C. for a period of 
time, the spores are washed, counted and stored at 40°C. From this 
preparation, a spore suspension of known concentration can be made. 

[0105] The next step involves aliquoting serial dilutions of a test 
substance into a microtiter plate to which agar is added and allowed to 
solidify. The spore suspension is then also aliquoted into each well and 
the plate incubated at 35°C. for 48 hours. The concentration of spore 
germination in the microtiter plate is determined by taking ODeso readings 
in a microtiter plate reader. According to the methodology of the '726 
patent, at ODeso, a value of "0" reflects 100% growth inhibition (or 0% 
growth); a value of 1 corresponds to 75% growth inhibition; a value of 2 
corresponds to 50% growth inhibition; a value of 3 corresponds to 25% 
growth inhibition; and a value of 4 corresponds to no growth inhibition. 
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